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INTRODUCTION 


As part of a breeding programme in execution at the Institute of Horticultural Plant 
Breeding at Wageningen, the writers obtained a colchicine-induced C‚-generation of 
tetraploid asparagus — Asparagus officinalis L. A number of these plants has been set 
out in the field, but at this moment it would be premature to give data about the hor- 
__ticultural value of the newly developed strain. However, in the process of obtaining 
the tetraploids some experiences were gained which seemed worth while communi- 
cating. They concern the response of young seedlings to treatment with a colchicine 
solution and the major differences observed between diploid and tetraploid asparagus. 
They also include fertility problems and sex heredity in the tetraploids. Asparagus 
officinalis L. has 2n — 20 chromosomes. The somatic cells of tetraploid plants, 
therefore, contain 40 chromosomes. 

References to colchicine treatment of asparagus are very scarce. CATH. L. BECKER 
(2), using a 1 per cent solution treated young seedlings and obtained plants with 
thicker shoots. HUNTER and DANIELSSON (5) treated seeds of the cultivar! Eden and 
found tetraploid C‚ plants, from which they harvested seeds and could thus start a 
population. JANAKI AMMAL treated seeds for 3 days, with a 1 per cent solution and 


5) Cultivar. This term (abbreviated cv) is used for lines, clones and other groups of plants under 
cultivation. It is equivalent to the English “cultivated variety’, the French “variété”, the German 
“Sorte” and the Dutch “ras”. 
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obtained several tetraploid plants as reported by WELLENSIEK (9). All these references 
consist of short notes without particulars about the technique employed, numbers of 
seeds treated or tetraploids obtained. 


MATERIAL AND METHODS 


Experiments were started in the autumn of 1950. We have worked with only one 
cultivar viz. Glory of Brunswick, seeds of which were harvested from plants growing 
in the garden of our Institute at Wageningen. 

The growth habit of asparagus is very peculiar. The primary shoot is an unimportant 
part of the plant. It is a very tender shoot about 10 cm high. Before emerging from the 
seed it forms a lateral shoot primordium, visible as a small knob at its base. From this 
primordium a shoot grows in such a way that its apex does not emerge from the soil 
before it has formed a new lateral underground. This process is repeated, so that new 
shoots grow as laterals from the older ones. The subterranean parts of all these shoots 
form the rhizome. 

Already in the earliest phase of germination numerous cell divisions were observed 
in the lateral primordia. Hence the treatment of lateral primordia on primary shoots 
looked the most promising method of obtaining tetraploid rhizomes. Two different 
methods were employed for administering the solution, viz. soaking and infiltration. 


a. The soaking method (Experiment I) 

The seeds were sown in petri-dishes on filter paper, adequately moistened with 
colchicine solution and stored for some days in an incubator at 30 °C. Then the seeds 
were sown in seed pans, which were placed in a greenhouse kept at a mean temperature 
of-20°C. 


b. The infiltration method (Experiments II and III) 


This method was developed at Weibullsholm in Sweden and described by MRKoOSs 
(7). After the seeds had germinated for some days on moist filter paper in petri dishes 
in an incubator at 30 °C, they were put in small glass cups and irnmersed in a colchicine 
solution. The cups were transferred to an exsiccator from which the air was evacuated 
by means of a water vacuum pump. After about 10 minutes pumping the solutions 
started to boil. At that moment the exsiccator outlet was closed, the pump stopped. 
and the vacuum was maintained for 10 minutes. Then the air was gradually admitted 
till the air pressure in- and outside the exsiccator was balanced again. The colchicine 
solution was thus forced into the tissues from which the air had been evacuated. Ten 
minutes later the remaining fluid was decanted, the seeds were washed with water and 
afterwards sown. 


In judging the results we followed the same procedure for both methods employed. 
Seedlings which showed delayed germination were labelled; a number of them had a 
conspicuous dark green colour, and their “needles” were longer than those of the 
normal plants. 

Due to lack of space in the greenhouse we were obliged to select the plants at a 
rather young age. All the plants which did not differ sufficiently from the controls were 
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discarded. The remaining plants were pricked off into small pots in the greenhouse 
and after some time when they had 2 or 3 shoots, were submitted to a cytological 
inspection. 

The percentage of tetraploid cells in the slides prepared from shoot-apices was 
estimated. Those plants which had at least 80 per cent tetraploid cells were classified as 
tetraploids, the other plants were regarded as diploids. From the plants of the C‚- 
generation we had to take shoot apices; but when testing the C‚-generation root tips 
were taken if possible. Acetic-orcein squashes were used to make the chromosomes 
visible. For this purpose the second writer developed an improved serial squash-method 
already described earlier in this journal (10). With this method one can make more 
and clearer preparations within a given time than with the schedule given by DAR- 
LINGTON and LA COUR (3) or MRKOS (7). 

All statistical tests of significance have been worked out on binomial probability 
paper: FERGUSON (4). 

TABLE 1. EXPERIMENT I. SEEDS GERMINATED FOR 1, 2, 3 AND 4 DAYS IN COLCHICINE SOLUTIONS OF 0.2, 
0.5, 1.0 AND 1.5 PER CENT 


Number of Number of Number of 
Germination Colchicine Number of | diploid plants tetraploid dead plants 
period concentration | seeds treated after plants after after 
treatment treatment treatment 
a | b c | d e £ 
| 

1 day 02% 36 28 0 8 
0.5% 36 26 0 10 

1.0% 36 24 0 12 

15 36 19 0 17 

2 days 029 36 28 0 8 
DI 36 28 0 8 

1.0% 36 18 2 16 

185 36 7 l 28 

3 days 02% 36 DS 0 11 
O550/5 37 25 0 14 

IRO S/ 10 0 27 

18505 36 12 l 23 

4 days O2 36 25 2 9 
05% 36 29 0 7 

(ROE 37 15 0 2) 

(BSO 36 20 0 16 

4 days control 36 32 0 4 


RESULTS OBTAINED IN THE Co-GENERATION 


Experiment I 

In this experiment seeds were treated using the soaking method. Batches of about 
36 seeds were soaked in 0.2, 0.5, 1.0 and 1.5 per cent colchicine solutions. The seeds 
placed in an incubator on Dec. 11th 1950 were stored at 30 °C for 1, 2, 3 and 4 days. 
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One portion sown on filter paper moistened with tap water and stored for 4 days 
together with the other seeds, served as a control. Thus, 17 batches were sown in seed- 
pans and stood in the greenhouse. 

Table 1 shows the results of this experiment. The number of tetraploids obtained is 
very small. After one day’s treatment there were no tetraploids at all. After 2 or 3 days 
a few were obtained with the higher colchicine concentrations and after 4 days with 
the lowest concentration. 


Experiment 

This experiment, using the infiltration method, was started on December 12th, 
1950. Seeds were germinated in petri dishes on filter paper moistened with tap water 
and stored in an incubator for 4, 6 or 8 days. Then the seeds were infiltrated with 0.2, 
0.5, 0.7 or 1 per cent colchicine solution under vacuum. Simultaneously, control 
batches which had germinated for 4, 6 or 8 days too, were infiltrated with water. 
After treatment the seeds were sown in seedpans in the greenhouse. 

The results of this experiment are shown in table 2. 

A comparison with table 1 shows that in experiment II the largest number of 
tetraploid plants obtained was three times as large as in 1 (6 out of 37 plants treated 
compared with 2 out of 36 plants) and also, that the results obtained are more 
consistent. We may state that in this experiment a 6 days’ germination previous to 
colchicine treatment was significantly better than 4 days, while 8 days resulted in a 
very high percentage of dead plants. 

The tetraploid plants were kept for breeding purposes. One hexaploid was dis- 
covered among the plants tested. Probably it originated from a triploid embryo. 
Such embryos are not uncommon in asparagus. We encountered several in our 
experiments. A haploid plant was also obtained. It proved to be female, as was 
expected. It was a very weak plant with short “needles”’ of a pale green colour. It 
never produced any seeds. 


Experiment HI 


On February 28th 1951 we started a third experiment. Seeds were germinated for 
5, 6 and 7 days and then infiltrated with 0.4, 0.8, 1.2 and 1.6 per cent colchicine solu- 
tions. Simultaneously control groups were infiltrated with water. This experiment was 
carried out in duplicate. There were two groups of 36 seeds in each treatment. So we 
had 30 seed batches including the controls. 

Table 3 gives the results of Experiment IL. It shows that the yield of tetraploid 
plants is higher than in experiments 1 and IL. Unexpectedly high numbers were 
obtained after 5 days germination. With 1.6 % colchicine 42 out of 72 seedlings 
treated proved to be tetraploid. 

Two plants contained cells with aberrant chromosome numbers, viz. 44 and 50. All 
tetraploid plants were kept for breeding purposes. 


REACTION OF THE PLANTS TO THE DIFFERENT TREATMENTS 


Both experiments 1 and IL were started in December 1950. They were comparable 
with respect to the age of the seeds and the environmental conditions during the 
growth of the seedlings in the greenhouse. The better results obtained in the second 
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TABLE 2. EXPERIMENT II. SEEDS INFILTRATED WITH 0.2, 0.5, 0.7 AND 1.0 PER CENT COLCHICINE SOLU- 


TIONS AFTER HAVING BEEN GERMINATED FOR 4, 6 AND 8 DAYS 


Number of | Number of | Number of Total 
Pre- Colchicine Number of diploid tetraploid dead tetraploid 
germina- | concentra- seeds plants plants plants Ee 
tion tion treated after after after plants 
treatment treatment treatment 
a b (o) | Cham e fi g(e + f) 
4 days control 36 32 — 4 4 
0.2% 36 26 0 10 10 
ORS 36 26 0 10 10 
OM 36 27 2) 7 9 
1.0% 37 22 3 A 15 
6 days control 36 29 — 7 ĳ 
02 36 17 2 17 19 
0.5% 36 15 4 17 Di 
0.7% 37 11 2 24 26 
1095 37 18 6 13 19 
8 days control 36 36 — 0 0 
O2 36 4 0 32 82 
05 36 1 1 34 35 
0.7% 38 1 2 35 37 
1.0% 37 4 (0) 33 33 


TABLE 3. EXPERIMENT III. SEEDS INFILTRATED WITH 0.4, 0.8, 1.2 AND 1.6% COLCHINE SOLUTIONS AFTER 
HAVING BEEN GERMINATED FOR 5, 6 AND 7 DAYS 


Germina- | Colchicine | Numberof | Numberof | Number of | Number of Total 
tion concentra- seeds diploid tetraploid dead tetraploid 
period tion treated plants plants plants + dead 
a b ® d e if g(e tf) 
5 days control 72 69 — 3 = 
04% 70 60 10 0 10 
0.8% 12 38 33 1 34 
Á 12 38 31 3 34 
1695 72 25 42 4 46 
6 days control 72 62 — 10 — 
0.4% 72 47 10 15 25 
0.8% 67 17 26 24 50 
IN 71 5 15 sl 66 
1.6% zh 11 18 42 60 
7 days control 12 71 — vell = 
0.4% 70 29 18 23 41 
0.8% 69 31 18 20 38 
12/5 70 15 19 36 55 
1.6% 70 7 17 46 63 
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experiment must therefore be ascribed to the difference in colchicine treatment. In 
experiment 1 dry seeds were soaked with colchicine. It is feasible that such an early 
uptake of colchicine inhibits the germination process to a certain degree before the 
colchicine can exert its specific action. In experiment II the conditions for the action 
of colchicine were more favourable. Cell divisions were in progress when the colchicine 
was administered, hence c-mitoses might be expected immediately afterwards. 

In experiment I the yield of tetraploid plants was small, and no significant differences 
between the various treatments could be established. There was an effect, however, on 
the number of dead plants. This increased significantly with the increase in concentra- 
tion of the colchicine solution, but it was not affected by the length of the germination 
period. 

From the results of this first experiment we could not say definitely what was the 
most favourable concentration of colchicine or the best soaking period. However it 
proved possible to obtain tetraploid plants by germinating seeds in a colchicine 
solution for two or more days. 

Our second experiment gave better results than the first. The total number of 
tetraploid plants obtained was 22 out of the 438 seeds treated, against 6 out of 579 
seeds treated in the first. We observed only small differences due to the various con- 
centrations used and these were not significant. But a significant difference proved to 
exist between the number of tetraploids obtained after 6 days germination and that 
obtained after 4 days and 8 days. Six days gave twice as many tetraploids as 4 and 8 
days together. 

With these results in mind experiment III was started in an attempt to define the 
optimal germination period and optimal colchicine concentration more accurately. 

The outcome of this experiment (table 3) showed that a germination period of 5 
days gave a significantly higher yield of tetraploids than 6 or 7 days (column e). The 
last 2 did not differ from each other in this respect. After 5 days germination almost 
all reacting plants became tetraploid, in other words the number of dead plants 
caused by colchicine treatment was so small that it compensated the larger number of 
reacting plants produced after a germination period of 6 or 7 days. 

The question of the most favourable concentration could not be answered so 
easily. The shortest germination period (5 days) showed better results at higher con- 
centrations, probably with an optimum at the highest concentration used, i.e. 42 
tetraploids out of 72 seeds treated with 1.6 % colchicine. After 6 days germination the 
highest yield was at the much lower concentration of 0.8 % and after 7 days no differ- 
ence between the different concentrations could be observed. It seems that a relation 
exists between the optimal colchicine concentration and the germination period, and 
that this optimum shifts to the lower concentrations as the age of the treated seedlings 
increases. 

The explanation of this may be very simple. At a very young age the tissue of the 
seedlings is very dense, but gradually becomes looser. The intercellular spaces in 
particular become larger; hence with our infiltration method a relative larger quantity 
of colchicine solutions is given as the seedlings grow older. Thus the older stages 
receive more colchicine per seedling than the younger ones and therefore the former 
will more easily receive a lethal dose than the latter. 

The results of experiment III suggest that the optimal number of days for germina- 
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tion is about five, the optimal concentration depends on the age of the seedlings 
treated. The data from experiment II partly support such a supposition and in no way 
contradict it. 

It remains to be seen, however, whether experiments II and [II are sufficiently com- 
parable. At a glance it can be seen that in experiment III the yield of tetraploids is far 
better than in II (column e of tables 2 and 3). But there is also a feature which the 
two have in common. It is the total action of the colchicine. If a plant reacts to colchi- 
cine it can do this in two ways, i.e. it can become tetraploid, or it can die. The first 
action is specific, the second non-specific. The combined numbers of plants reacting 
in a specific and a non-specific way give the total of reacting plants. If the total 
number of reacting plants for each of the germination periods of both experiments is 
expressed as a percentage of the number of treated seeds and if for this calculation 
only the figures are used from a range of concentrations for which the experiments are 
comparable, i.e. 0.5 %, 0.7 % and 1.0 % in experiment II and 0.4 %, 0.8 % and 1.2 % 
in experiment IL, the figures arrange themselves in the following natural sequence: 

4 days — 31 % (exp. II), 5 days — 36 % (exp. III), 6 days — 60 % (exp. II) and 67 % 
(exp. III), 7 days — 64 % (exp. III), 8 days — 95 % (exp. II). 

It is not easily explained, how an apparently equivalent treatment can give results, 
which show an agreement for the general colchicine action and a deviation for the 
specific action as we found in our experiments. Light conditions will have had an 
effect. These were less favourable for the plants of experiment II sown in December 
than for those of [II sown in March. But also differences in conditions during infiltra- 
tion e.g. fluctuation of room temperature, of air pressure may have played a part. 

It has still to be investigated whether seedlings younger than 5 days cannot give 
higher percentages of tetraploids when stronger colchicine concentrations are given. 
In summarizing the results we state that: 


1. The infiltration method is preferable to the soaking method. It enables treatment of 
the seeds with a sufficient quantity of colchicine within a very short time, and ad- 
ministration of colchicine at the most favourable stage of development. 

2. To get the best effect from colchicine treatment, it is imperative to look for a stage 
of development in which the lethal influence of the colchicine is as low as possible. At 
such a stage strong concentrations can be administered without harm. 

3. The sensitivity of asparagus seedlings to colchcine treatment increases with age. 
In our experiments 8 days old seedlings nearly all died after the application of very 
weak solutions, but 5 days old seedlings could withstand solutions as strong as 1.6 %. 
4. It is possible to obtain more than 50 per cent tetraploid plants after colchicine 
treatment of asparagus seedlings by using the infiltration method. 


RAISING THE C‚-GENERATION 


The tetraploid plants obtained in the 3 experiments were grown in the greenhouse 
until the winter of 1951. Several plants produced flowers in that period. 

The first plants to flower were males. About a month later some female plants also 
produced flowers. As many female flowers as possible were pollinated by hand. This 
work was limited by the number of male flowers present at the moment of pollination. 


207 


TABLE 4. RESULT OF CYTOLOGICAL TEST OF C‚-PLANTS RAISED FROM SEED PRODUCED BY Cy-PLANTS IN 


1951 
cme Teten dt aries Lel Ante en 
Serial nr. of Number of seeds Number of seedlings Number of tetraploid 
mother-plants produced tested seedlings 
RE EE te Ee EN Men Estee Se 
658 7 6 6 
663 3 2 2 
711 2 2 2 
gis 6 6 6 
784 2 1 1 
877 3 3 3 
907 31 25 25 
917 8 8 8 
Ĳ 5 5 5 
TABLE 5. RESULT OF CYTOLOGICAL TEST OF C‚-PLANTS RAISED FROM SEED PRODUCED BY Co-PLANTS IN 
1952 
Distribution of the plants over different cytological 
Serial nr. of | Number of | Number of categories 
mother seeds seedlings | 
peas produced tested alen tetraploid He triploid |_diploid 
jk) 61 53 3 485) — 1 1 
662 296 44 1 42 — 12) — 
658*) 520 50 1 — — — 49 
659 60 39 26 — — - 13 
682 11 8 — 5 — 25) 1 
684 170 44 1 43 — — = 
701 270 46 10 36 — 
2 16 16 1 15 — — = 
122 520 43 — — l D 40 
736 37 37 — 37 — = — 
749 217 47 33 — 1 
152 8 8 5 8 e a on 
754 20 17 — 17 - — — 
782 10 10 — 10 — — == 
784*) ? 40 2 37 — 1 — 
1056 7 6 6 — ne 
1070 38 35 — 35 — — 
1073 54 45 6 38 — 1 = 
1102 35 33 3 30 = a Ei 
1167 17 16 7) 14 — =S 
1172 32 30 2 28 — = = 
1196 52 sl 1 50 = ee on 
1205 7 7 — ij) e = En 
1207 13 9 3 6 = en …À 
1226 42 40 5 37 ze = en 
1237 43 42 5 35 — 9) = 
1253 17 17 1 16 — e En 
1258 sp) 31 — 30 = 1 En 
1266 37 37 6 315) En E en 
2 314 46 1 1 — = 44 


1) One plant with a few octoploid cells. _ °) Hypertriploid plant with 32 chromosomes. 
3) One hypertriploid plant with 34 chromosomes. t) Already mentioned in table 4. 
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The seeds were harvested before the plants were set outside. They were sown in 1952. 
When the seedlings were about 3 months old roottips were fixed and chromosomes 
counted. The results of this test are given in table 4. All seedlings proved to be 
tetraploids. 

At the end of the 1951 season the C‚-plants were transferred to the field where they 
passed through the winter. In the spring of 1952 after appearance of the first shoot, 
all plants with blue and loose shoot tops and with low lateral branches were discarded. 
The selected plants were isolated in one of the insectproof isolation-rooms, available 
at our Institute. Here they flowered without danger of pollination by agents other than 
the bees which had been put into the room (KRAAI, 6). 

Seeds were harvested from 30 plants and another C‚-generation was raised. In the 
spring of 1953 small pots filled with a suitable soil were sunk in a greenhouse bed at 
about 20° and in each of the pots one seed was sown. During the summer the plants 
were examined cytologically. 

The results of the tests are given in table 5. Of the 30 progenies tested 26 proved to 
consist of tetraploid plants. Some triploids and in two cases one diploid were en- 
countered in a tetraploid progeny. Two years after the initial test it was found that 
26 out of 30 plants were still tetraploid. Four C‚-plants, however, which proved to 
have at least 80 percent of tetraploid cells in 1951 produced a progeny consisting of 
only diploid plants in 1952. Hence these C‚-plants had reverted from tetraploid to 
diploid. In 1951 one of these four plants gave a progeny of 6 tetraploid plants from 
6 seeds (see table 4, plant 658) but in 1952 it produced only diploid plants (see table 5). 
The few triploids found in the tetraploid groups probably originated from pollinations 
with pollen of diploid male flowers. In the diploid groups the reverse must have 
happened. In two cases we got tetraploid and some diploid seeds from the same plant. 

Two tetraploid C‚-plants with some octoploid cells in the root tip preparations have 
been observed. This phenomenon, i.e. somatic doubling of chromosomes in root tips, 
is met with in various plant species. On the other hand we observed in the root tips of 
one plant, belonging to the progeny of no. 722, tetraploid cells mixed with diploid ones 
in such a ratio that we had to conclude that the plant in question was a mixoploid. 
The seedling must have developed apomictically frcm a nucellar embryo. Hence the 
C-plant which bore this seed must have been a mixoploid too. Except for this one no 
other mixoploid plants were encountered in the C‚-generations. 


THE EFFECT OF TETRAPLOIDY ON SOME VEGETATIVE CHARACTERS AND ON SEGREGATION 
OF SEX 


Morphological differences between tetraploid and diploid asparagus allowed us to 
select tetraploid plants in the C‚-generation soon after the plants had emerged. The 
tetraploids were distinguished by dark green and long phyllocladia (needles). The 
average length of the “needles” of 5 randomly chosen plants in the diploid was 18.9 
and in the tetraploids 28.3 mm. Fig. 1 depicts 2 diploid and 2 tetraploid shoots. These 
shoots were lateral branches picked from plants grown in the greenhouse. The flowers 
of the tetraploid plants were distinctly larger than those of the diploid (fig. 2). This 
difference was most pronounced in the diameter of the cross section. This meant that 
the perianth leaves of the diploid plants are narrower than those of the tetraploid. The 
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shoots of the tetraploids are mostly thicker, which is shown in Figs. 3 and 4. In these 
two figures the characters of the shoot tips are also shown. The surface of the diploid 
is smooth and the tips taper towards the apex, the tetraploids are cylindrical, and the 
surface is provided with longitudinal ribs and furrows. The diameter of the shoots 
cannot be used in selecting for tetraploidy in young plants, as it increases with age and 
varies with environment. At the request of our colleague Mr. J. A. HuyskKes we made 
chromosome counts of wild asparagus, collected in the dunes near Scheveningen. This 
work revealed that the variety Asparagus officinalis prostratus is a tetraploid. This 
variety is described by ASCHERSON and GRAEBNER (1) as follows: “Plant small, shoots 
mostly thin and slack, often prostrate; phyllocladia generally thick and short”. We 
should like to add: “flowers large”. 

This tetraploid variety differs from our colchicine-induced tetraploid asparagus in 
that its needles are short instead of long and that the shoots are prostrate and thin. 
But the leaf colour and flowers of the wild tetraploids do not differ from those of the 
induced ones. 

Another wild form, supposed to have escaped from culture proved to be diploid. 

We have observed in our numerous preparations that the tetraploids have larger 
nuclei in the meristimatic tissues of shoot and root than the diploids. In these tissues 
the cells are also larger. The larger diameter of the pollen of the tetraploid asparagus 
is also a character of tetraploidy. Tetraploid pollen is 30.6 to 34.0 u in diameter, 
diploid pollen 23.8 to 27 u. When comparing the quantities of seed harvested from 
tetraploids and diploids, which are shown in table 5 we see that 4 diploids bore 1414 
seeds averaging 393 seeds per plant, the highest number was 520, the lowest 60; 
25 tetraploids bore 1,453 i.e. an average of 58 seeds per plant, the highest number per 
plant harvested was 296, the lowest 7. This shows that fertility has decreased consid- 
erably. We have not investigated whether the number of seeds per flower or the 
number of flowers on a single plant are responsible for this decrease. Probably both 
phenomena are involved. The meiosis of the P.M.C. in the tetraploid asparagus is 
typical of autotetraploids. In metaphase 1 uni-, tri- and quadrivalents occur regularly. 
In anaphase L, laggards are usually seen as well as in anaphase II (Figs. 5 and 6). So 
it is not surprising that the tetrads mostly contain more than four nuclei. Figs. 7 and 8 
give a picture of a diploid and a tetraploid mitosis. Attention should be payed to the 
SAT chromosomes; one visible at the half past six position in Fig. 7 and one above 
and slighly to the right of it. This chromosome has such a wide secondary constriction, 
that it may easily be counted as two. In Fig. 8 this chromosome lies at the one o'clock 
position. 

In diploid asparagus the ratio of sex distribution is normally 1:1. In tetraploid 
asparagus the distribution may deviate from this ratio. We counted in a C‚-generation 
of 47 plants bred from Cj-plants in 1952, 36 male, 10 female and 1 andro- 
monoecious, a ratio very unusual for asparagus. In his breeding work SNEEP (8, 9) 
could distinguish two types of male plants, one gave an offspring consisting of only _ 
males and the other male and female offspring in a 1: 1 ratio. He indicated the genetic 
constitution of his plants by letters: MM for male plants of the first type, Mm for male 
plants of the second type and mm for female plants. According to the same system 
the tetraploid males of the C-generation have to be indicated by the symbols M Mmm 
and the females mmmm. Hence the plants of the C‚-generation may be regarded as far 
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FIG. 1. YOUNG ASPARAGUS SHOOTS; LEFT DIPLOID, RIGHT TETRAPLOID 


FIG. 2. ASPARAGUS FLOWERS, TOP AND SIDE 
VIEW; LEFT DIPLOID, RIGHT TETRAPLOID 


Fig. 3. DrPLOID ASPARAGUS TIPS 


Fia. 4. TETRAPLOID ASPARAGUS TIPS 


Fig. 3 Fig. 4 


Fis. 5. 
Fig. 6. 
Fi. 7. 


Fig. 8. 
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Fig. 5 Fi. 6 


Fi. 7 Fra. 8 


TETRAPLOID ASPARAGUS. MEIOSIS, MULTIVALENTS IN METAPHASE 
TETRAPLOID ASPARAGUS. MEIOSIS. LAGGARDS IN ANAPHASE L 


DrPLOID ASPARAGUS. MITOSIS IN ROOT-TIP. TWO SAT-CHROMOSOMES : ONE IN THE 
SIX O'CLOCK POSITION AND ONE ABOVE 


TETRAPLOID ASPARAGUS. MITOSIS IN ROOT-TIP; NOTE THE SAT-CHROMOSOME IN 
THE ONE O'CLOCK POSITION 


COLCHICINE-INDUCED TETRAPLOID ASPARAGUS 


as seX is concerned as the offspring of a cross between a duplex (M Mmm) and a 
nulliplex (mmmm) plant. Such a cross gives 1 homozygous recessive to 5 heterozygous 
dominants or in symbols 1 mmmm plant (nulliplex, female), 4 Mmmm plants (simplex, 
male) and 1 M Mmm plant (duplex, male). Our segregation numbers were 37 males to 
10 females, which do not differ significantly from the 5:1 ratio; 39.17:7.83 (D/m > 1) 
being the expected ratio. We were able to determine the sex of 105 plants of the C,- 
generation raised in 1953; 84 of them were males, 17 females and 4 were andromonoe- 
cious plants. Here the numbers found were 88 to 17; the expected ratio was 87.5 to 
17.5. We regret that we were unable to collect more data to enable us to descriminate 
between a chromosome- and a chromatide-segregation, and contribute to the question 
whether the sex determination in asparagus is localized in the autosomes or not. Now 
we can only state that our numbers agree with the chromosome segregation-ratio 5: 1. 
Our C‚-generations contain only male plants of the duplex form (M Mmm) but in the 
C‚ most male plants are simplex ones (Mmmm). The simplex/duplex ratio in the C‚- 
generation should be 4: 1. Simplex plants give an almost normal sex segregation viz. 
1: 1. Hence without selection duplex plants will soon disappear from the next genera- 
tions. From a commercial point of view male plants are more valuable (SNEEP, 8, 9). 
In order to get more males than females a breeder should therefore preserve the male 
plants of the C‚-generation or take care to select for duplex male plants, which can be 
done by means of test crosses. 


SUMMARY 


Some experiments on colchicine treatment of germinating asparagus seeds were 
undertaken with the object to obtain tetraploid plants for breeding purposes. Treating 
the seeds under vacuum gave excellent results. The length of the germination period 
previous to treatment proved to be important. Five days’ germination at 30 °C gave 
the best results. At this age the seedlings could survive a 1.6 per cent solution and 
60 per cent of tetraploids were obtained: On the other hand after 8 days germination 
most seedlings die after having been treated with a colchicine solution of only 0.2 per 
cent and only very few tetraploids were produced. 

From 30 plants of the C‚-generation which on cytological examination had been 
classified as tetraploid, 26 gave tetraploid seeds and only four produced diploid 
offspring. 

Data concerning the sex segregation in the C‚-generation were collected and a ratio 
of 5 males to 1 female was found. As from the grower’s point of view male plants are 
preferred and only one out of 5 males from the C‚-generation is expected to give a 5 to 
1 segregation in the next generation, selection of these individuals is advised. Other- 
wise a 1 to 1 segregating population will be the result. 


SAMENVATTING 


Het verkrijgen van tetraploide asperge door colchicine-behandeling 


Met het doel tetraploide aspergeplanten te kweken zijn enkele proeven genomen 
met colchicine-behandeling van kiemende aspergezaden. 
Zeer goede resultaten zijn verkregen met colchicine behandeling onder vacuum. 
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Hierbij is gebleken, dat de leeftijd van het kiemende zaad niet onverschillig is. Vijf 
dagen voorkiemen bij 30 °C bleek voor het doel de beste leeftijd. Op deze ouderdom 
verdroegen de plantjes zelfs 1.6 % colchicine zeer goed. Het aantal gewonnen tetra- 
ploiden was hierbij zeer hoog nl. + 60 %. Na 8 dagen voorkiemen daarentegen stierf 
bij een behandeling van 0.2 % colchicine reeds het merendeel der planten. Het aantal 
tetraploiden was dientengevolge maar zeer gering. 

De tetraploiden uit de C‚-generatie gaven voor het merendeel tetraploide nakome- 
lingen, maar 4 van 30 planten bleken een diploide nakomelingschap te hebben. Eén 
van deze vier gaf het jaar te voren nog tetraploide planten. 

De morfologische kenmerken van de tetraploiden zijn beschreven en vergeleken. 
met de diploide vorm en met die van de in het wild voorkomende tetraploide 4. off. 
prostratus. à 

Daar mannelijke aspergeplanten betere producenten zijn dan de vrouwelijke, zijn 
cijfers aangaande de geslachtsverdeling in de tetraploide generaties verzameld. In de 
le generatie, dus in de nakomelingschap van de behandelde planten, komen de ge- 
slachten voor in de verhouding 5 mannelijke op 1 vrouwelijk exemplaar. Maar deze 
verhouding heeft zonder doelbewuste selectie de neiging in de volgende geslachten 
terug te lopen naar 1: 1. Hoe dit teruglopen kan worden vermeden wordt aangegeven. 
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INTRODUCTION 


Originally, only those papers dealing with the production of dwarfs or “grass 
clumps”’ in wheat were surveyed for this review. However, associated with dwarfness 
are other physiological disturbances and some, especially those classed as semi-lethal, 
are hard to separate from it. In fact the two conditions frequently occur together. 
Associated also are all types of withering and necrotic conditions that have been 
described as lethal. The death of an individual at any stage during the development 
can be caused by lethal factors, and to cover some of the stages wherein plants grow, 
and even tiller but usually die before producing seed, the term “semi-lethal”’ has been 
used. There are no distinct differences between some dwarfs and some semi-lethals. 
To make matters worse from the standpoint of classification any degree of lethality, 
semi-lethality or dwarfness is considerably influenced by environment. Some dwarfs 
have remained sterile, others have headed and produced seed; some dwarfs have died 
in the three-leaf stage, others have tillered profusely. Similarly, there are great 
variations in phenotypic expression among semi-lethal plants. Therefore, because the 
problems are interrelated and also because terminology has not been consistent, this 
review was extended to include papers on semi-lethal and lethal factors, including a 
few on chlorophyll-deficient plants. No information is given about artificially produ- 
ced mutants. 

One distinction is necessary to clarify our topic. The classical works of such men 
as WINGE (57), HUSKINS (25) and SEARS (45) have demonstrated that aneuploidy in 
wheat can and does cause dwarfism, sterility, inviable seedlings, etc. These aneuploid 
plants may arise as monosomics or nullisomics after some meiotic upset in a plant or 
they may be plants with an abnormal chromosome number produced by interspecific 
‚crossing. This special situation will not be considered here. It is of historic interest, 
however, to show how one of the first reports of dwarfs proved to be of this type. 
In 1913, VILMORIN (53) described an unfixable strain of wheat that segregated for 
short and tall plants. Later, ENGLEDOW and WADHAM (10) made a careful study of the 
progeny from Vilmorin’s wheat and found sterile, pygmy types that headed but gave 
no seed. It remained for a cytologist to explain these anomalies. HUSKINS (24) 
reinvestigated the material and found plants with 43 and 44 chromosomes. 


Over the course of years since plant breeders first started crossing varieties of wheat 
there have been many examples of plants that started out as vigorous seedlings but did 
not reach maturity because of some lethal effect. To men trained to observe all details 

of plant morphology these plants were quite noticeable and as indicated they were 
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called semi-lethals, grass clumps, or dwarfs depending upon the habit of growth or the 
preference in terminology of the author. Sometimes the occurrence of these dwarfs is 
only mentioned in a report from an experimental station but at various times the 
production of these abnormal plants has been the subject of extensive research. In 
recent years there has been a revival of interest in the problem because the dwarfs have 
frequently been produced when crosses were made in order to obtain rust resistance. 
At Ottawa, where the variety Kenya Farmer was being used in crosses for its rust 
resistance, several combinations produced dwarfs in the F, generation. The present 
author and GFELLER then carried out an experiment in an effort to determine the 
cause of the dwarfness. AUSEMUS and his colleagues in the United States have also 
obtained dwarfs in certain crosses. There is ample proof that the problem is by no 
means local because dwarfs and semi-lethality have occurred in several crosses made 
at the Institute of Agricultural Plant Breeding at Wageningen. 


This review has therefore been written to provide a ready source of references, to 
disclose what hypotheses have been advanced to explain the phenotypes observed, and 
to point out the salient features of the problem. It was also my aim to show the 
relationship of dwarfs, semi-lethals or other abnormalities in the hope that a satis- 
factory solution can be obtained that will provide breeders with useful knowledge. 


LETHALITY IN INTERGENERIC AND INTERSPECIFIC CROSSES 


The failure of seed setting, the death of embryos, and the non-viability of some 
seeds are common happenings in wide crosses. This incompatibility has been ex- 
plained by assuming some degree of antagonism between chromosome groups. It has 
not been possible to associate this condition with specific genes. Lethal factors 
operating after seed germination are more readily studied and some of the reports will 
be considered here. 

Albino seedlings frequently are produced in crosses between tetraploid and hexa- 
ploid wheats. FRÖIER (16) has noted several such examples that were reported before 
1929. In that year SMITH and HARRINGTON (46) obtained lethal albinos from a cross 
of Vernal emmer Xx Marquis. The segregation ratios were best explained by assuming 
three recessive genes for albinism. KrHARA (26) found albinos and yellow seedlings in 
the cross 7. persicum Xx T. timopheevi and explained them by postulating one gene 
for yellow and two duplicate genes for albino. For a classification of chlorophyll 
types and a discussion on the genetics of this problem, the reader is referred to DE 
HAAN (18) and FRÖIER (16). 

The first comprehensive report of lethals in an intergeneric cross was by SEARS (44). 
He found early-dying and late-dying hybrids in a cross of T. monococcum Xx Ae. 
umbellulata. Test crossing indicated that a single gene was involved in lethality. 
SEARS found that Ae. bicornis when crossed with certain varieties of einkorn, also 
produced inviable or poorly viable offspring. However, in similar crosses studied by 
Rov (41) there was no lethality. These differences are probably due to strain peculiari- 
ties. Roy found semi-lethals in crosses of (T. dicoccoides x Ae. bicornis) Xx T. aestivum 
and of the same amphidiploid by 7. spelta. It is significant that he also found semi- 
lethals in crosses involving Ae. squarrosa. He suggested that semi-lethality was not 
associated with the AABB genomes but with that complex of T. aestivum related to 
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Ae. squarrosa. NISHIKAWA (37) also observed lethal factors in Ae. squarrosa crosses 
and postulated complementary genes to explain the action. 


In crosses between 7. vulgare x T. macha and T. spelta x T. macha, weak, chloro- 
phyll-deficient plants were produced that were only partially fertile (CHIN and CHWANG, 
5). SACHS (42) found semi-lethal combinations in crosses of strains of T. macha X 
T. compactum and T. spelta. Crosses with tetraploid species did not produce similar 
lethality. SAcHs also obtained semi-lethals when amphiploids of Ae. squarrosa were 
involved. He suggested that two complementary genes were necessary to produce 
semi-lethality and that one gene came from Ae. squarrosa. In Germany, Mürrem (31) 
reported the occurrence of dwarfs in crosses of Anatolien wheat (T. compactum?) 
with varieties from Europe. Some varieties gave dwarfs in the F,, others did not. 
HERMSEN (21) found semi-lethality in an interspecific cross of T. vulgare x T. spelta. 
There was also one strain of spelt that did not cause any disturbances. 

The variability in the production of semi-lethals is also apparent in some wide 
crosses with Agropyron. CAUDERON (4) found that the varieties of hexaploid wheat, 
Progress and Fylgia, when crossed with Agr. glaucum, produced plants that died in the 
two-leaf stage but other varieties, Vilmorin and Magdalena did not. 


LETHALS AND SEMI-LETHALS IN COMMON WHEAT 


ÁKERMAN (1) in a general discussion of lethal factors in oats and wheat referred to a 
chlorophyll-defective wheat plant that produced some yellow seedlings. FRANKEL (Ì5) 
noted the death of some seedlings from a plant with a chlorophyll deficiency but the 
condition did not seem to be inherited. The first report of a naturally occurring 
chlorophyll mutation in vulgare wheat was by NEATBY (32). In the cross Garnet Xx 
Double Cross a mutant appeared. Some seedlings from this mutant lacked chlorophyll 
and did not survive. NEATBY found that the gene was unstable and could revert to the 
normal form. HEYNE et al. (22) found chlorophyll-deficient plants in the F, of crosses 
between Marquillo and other vulgare varieties and also between Big Club and 
Dawson. The seedlings emerged normally but soon the primary leaves lost their color, 
the leaves dried up, and the plants died. The authors considered that complementary 
factors were responsible. A similar complementary lethal effect was observed by 
CALDWELL and COMPTON (3) in other wheat crosses. The growth of the plants was 
prolonged, however, until a “progressive necrosis” began which eventually proved 
fatal. The condition was only obvious in the hybrids of some crosses. It should be 
noted that the necrotic seedlings were not dwarfed. A report showing that the lethal 
condition may be delayed until flowering time was given by McMIrrAN (29). The 
condition, described as “firing”’, was affected by environment and to some extent the 
expression was delayed or even masked by the ripening grain. The inheritance of 
“firing” was explained by the interaction of three complementary genes. HERMSEN 
(21) stressed the fact that the variability in the amount of withering or semi-lethality 
depended upon what varieties were used in the cross. Thus he states: “The F, plants 
of a given cross are uniformly semi-lethal, but the degree of semi-lethality is dependent 
on the nature of the cross”. His results indicated that two dominant complementary 
genes determine semi-lethality and suggested that modifiers could account for the 
difference in appearance of the F‚’s. 
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DWARFS IN WHEAT 


In the accompanying table 1 a chronological list of the occurrence of dwarfs is 
given. Most of the varieties that have produced dwarfs are listed but hybrids are not. 
There is one major exception. It was not thought practical to quote all the crosses 
made by McMIrLaN (30). For his very complete and prodigious experiment he studied 
945 crosses between 97 varieties and some of the crosses were carried through to the 
F; and F,. His investigation was most thorough and the paper should be read by 
anyone interested in this problem. The list prepared by AUSEMUS ef al. (2) was also 
helpful in the preparation of this review. The semi-dwarf Japanese variety Norin, 
which has recently been used in crosses with other varieties (54) produces a shortened 
plant. At the present time there is no indication that this phenomenon is related to 


dwarfness. 


TABLE 1. 
RATIOS OBTAINED 


Varieties 


Reference 


Fife Wheats X Bokhara 
Desert, Ward’s Prolific, 
Purple Straw, etc, 

Not named 

Rieti X Gluyas Early 

Florence X Gluyas Early 

Marquis and Red Fife 


Bluestem X Amby 


Marquis Xx Kota 


Johnathan X Indian Fife 


Marquis X Kota 
Red Fife Xx Kota 


Hard Federation X Yeoman 


Marquis X Federation 


Kota X Marquis 
Chul X Marquis 


Federation X Master 
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FARRER 1898 


RICHARDSON 
1913 


NEETHLING 1917 


CUTLER 1919 
SAX 1921 


HAYES and 
AAMODT 1923 


RICHARDSON 
1924 


WALDRON 1924 
ENGLEDOw and 
WADHAM 1925 


CLARK and 
HOOKER 1926 


GOULDEN 1926 


STEPHENS 1927 


Reaction in F, 


Mostly normal 


Normal 


Normal 


Dwarf 


Normal 


Normal and 


dwarf 


Normal 


Normal 


Normal 


Normal 


Normal 


CROSSES THAT HAVE PRODUCED DWARFS, THE EXPRESSION IN THE F, AND THE DIVERSITY OF 


Ratios or hypotheses 


None given 


28 dwarfs: 15,800 normals 
45 dwarfs: 18,500 normals 


One recessive factor 


Possibly one factor 

Lethal or inhibiting factors 
13 normal: 3 dwarf ratio; 
a dominant dwarf plus an 
inhibitor 

None given 


Unexpected ratios; 
3 factors possible 


None given 


13:3 ratio; a dominant dwarf 


plus an inhibitor 


13:3 ratio; a dominant dwarf 


plus an inhibitor 


13:3 ratio; (as above) 
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TABLE 1. (Continued) 


Varieties 


Reference 


Reaction in F, 


Ratios or hypotheses 


Marquis Xx Federation 


Pusa 12 X Chul 


Marquis Xx Kota 


Florence X Hard 
Federation 


Guatraché Xx (Barletta X 
Florence) 


See also paper by 
MCMILLAN 


Dicklow X Sevier 


Quality X Jenkin 
Jenkin X Marquis 
Canberra X Marquis 


(Sevier X Dicklow) X 
Dicklow 


Dicklow X Sevier 

Dicklow X (Dicklow X 
Sevier) 

Dicklow x Hard Federation 

Marquis x Hard Federation 


Turkey-Florence x Jenkin, 
Federation, Baart 

Hussar-Hohenheimer X 
Jenkin 


Prelude Xx Novinka, 
Yeoman II, Standart 

Novinka X Yeoman, 
Standart, etc. 


Comprehensive study with 
many crosses. See the 
original work 


STEWART and 
FINGEy 1928 


THOMPSON 1928 


CLARK and 
QUISENBERRY 
1929 

NEETHLING 1929 


CHURCHWARD 
1930 


NIEves 1930 
WATERHOUSE 
1930 

STEWART 1931 


FLORELL 1931 


STEWART and 
BiscHorrF 1931 


TINGEy 1933 


FLORELL and 
MARTIN 1936 


KOSTYUCHENKO 
1936 


MCMILLAN 
1937 


Normal 


Dwarf 


Normal 


Normal 


| Normal 


Normal 


Normal and 
dwarf 
Normal 
Normal 


Dwarf 


Normal 


Normal 


Dwarf 


Normal 


Dwarf and 
normal 


Normal and 
dwarf 


13:3 ratio; (as above) 


39:25 ratio; dwarf factor, an 
inhibitor which is inhibited by 
a third factor 


13:3 ratio; (as above) 


Multiple factors 


13:3 ratio; (as above) 

13:3 ratio; (as above) 

13:3 ratio and 15:1 

None given 

55:9 ratio; 3 factors, comple- 
mentary genes plus an inhibitor 


13:3 ratio; (as above) 


13:3 ratio; (as above) 


39:25 ratio; dominant dwarf, a 
complementary dwarf plus an 
inhibitor 


9:7 ratio; 
complementary factors 


Ratios unsatisfactory : Varieties 
tabulated after crossing. 


2, 3 or 4 factors possible, com- 


plementary factors, dominant 
dwarf plus inhibitor 
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TABLE 1. (Continued) 


Varieties Reference Reaction in F, Ratios or hypotheses 
Barletta X Florence Nieves 1937 Normal 3:13 ratio; dominant tallness 
B plus an inhibitor 
Quality Xx P 165, Onas Pao et al. 1944 Normal 3 complementary factors plus 
“Fawn, Purple Straw, duplicate factors or inhibiting 
Rajah, Majestic factors in some varieties 


Onas X Ardito 


Atlas X Quanah HEBERT and Dwarf Complementary factors 
MIDDLETON 1955 

Kenya X Frontana, Marquis | Hsu et al. 1955 Dwarf 9:7 ratio; complementary 

Timstein X Frontana, Mar- factors 

quis 

Kenya Farmer X C.D. 5943 | GFELLER and Dwarf and No clear ratios; no decision 

Kenya Farmer X Africa MORRISON normal 
unpublished 

Timstein Xx Marquis KNorr and Dwarf None given 

Gabo X Marquis ANDERSON 1956 

Plantahof Xx Mus HERMSEN 1957 Dwarf 9:7 ratio; complementary fac- 


tors in related semi-lethal 

crosses 

(Norin 10 X Brevor 14) X EVERSON et al. Normal 13:3 ratio. A dominant dwarf 
Burt 1957 plus an inhibitor 


CYTOLOGICAL STUDY OF DWARFS 


The study of meiosis in dwarf plants is difficult to make because only a few plants 
form a head and much of any inflorescence is aborted when it is formed. There is 
therefore no means of ascertaining whether irregularities are caused by the general 
debility of the plant or whether the irregularities cause the debility. GOULDEN (17) 
found lagging chromosomes and concluded that some aspect of faulty disjunction 
may have been responsible for the abnormal ratios. THOMPSON (51), who earlier had 
shown that dwarfs in wheat could be caused by a loss of chromosomes, also found 
laggards but assumed the dwarfness in his material was due to the interaction of 
factors. MCMILLAN (30) also observed lagging chromosomes but they did not occur 
more frequently in dwarfs than in normals. The present author examined root tips 
of dwarfs, meiosis in one dwarf plant, and meiotic stages in several hybrids that were 
known to be carrying the dwarfing factors. No cytological irregularities were observed 
that could in any way account for the occurrence of dwarfs. 


DISCUSSION 


There are very few papers dealing with lethal factors in common wheat. This is all 
the more surprising because there has been so much work done with this crop. The 
reasons for the paucity may be: 


218 


DWARFS, SEMI-LETHALS AND LETHALS IN WHEAT 


1. The condition may have often been noted but no information published. 

2. Much of the lethal background would be eliminated by-selfing and by a rigorous 
selection. 

3. Lethal factors may be operating at an early stage of development and such an 
elimination would not be considered any different from failure of germination. 

4, The polyploid nature of wheat may provide some buffering effect — at the same 
time it may introduce other lethal factors. 


There is little discussion necessary about chlorophyll-deficient lethals. They have 
occurred in interspecific crosses and in normal crosses. Chlorophyll deficiencies are 
mostly governed by recessive factors but some combination of genes is usually 
necessary for lethality. Two complementary genes have been postulated in most 
reports, to explain semi-lethality. There is some danger, however, in assuming that all 
semi-lethal conditions are comparable. In a recent study, HERMSEN (21) obtained 
considerable variability between crosses — some plants were entirely dwarfed. And 
the table shows that complementary factors have not been generally considered 
responsible for dwarfing. 

The lethals that occur as a result of interspecific or intergeneric crosses have chal- 
lenged the ingenuity of breeders and some lethal combinations have been circumvented 
by embryo dissection. The occurrence of semi-lethals and dwarfs indicates that the - 
genes causing these conditions (or condition) are not confined to any one species. How 
far it is possible to use this character as a test for genomic relationships it is difficult 
to say because strain differences are obviously more important than species differences. 

We can summarize the information available about dwarf wheats in three categories: 
our knowledge; our suppositions; our problems. 


WHAT WE KNOW 


1. Dwarfs do not usually appear in pure lines. CUTLER (9) and MCMILLAN (30) 
both reported exceptions but McMILLAN considered his plants came from natural 
crosses and there was some evidence to show that the dwarfs CUTLER ene in 
Marquis had a similar origin. 

2. Not all varieties produce dwarfs and many that do have common ancestors. It 
is not possible to trace all varieties to their origin or be certain that early reports of 
varietal selection are authentic, but it is quite evident that some of the genes causing 
dwarfness are inherent in many of the Australian wheats. The fact that reports come 
from several countries only shows the cooperative nature among plant breeders for 
exchanging material. Thus the varieties Gluyas Early grown and used for crosses in 
South Africa; Florence used in South America and United States; Federation in 
United States and England; and Kenya Farmer used in crosses in United States and 
Canada can all be traced to Australian parentage. The results published in 1957, by 
EVERSON et al. (11) are not surprising when we see that Federation and Florence were 
parents. FARRER (12) used Indian wheats and also Fife wheats from North America. 
The variety Red Fife and the renowned relative, Marquis, produce dwarfs. There are 
many other surprising relationships among the varieties. Another interesting aspect 
of the problem is that most of the crosses originally were made for rust resistance. 
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3. Dwarfs occur in either the F, or F, depending upon what varieties are crossed. 
Sometimes they are not observed until the F3 or later generations. 

4. There does not appear to be any influence of the maternal cytoplasm because 
reciprocal crosses have been made in most studies and no differences have been noted. 

5. Dwarfs occur in crosses between spring wheats varieties, in winter wheats, and 
crosses of spring X winter. Other related species also produce dwarfs in combination 


with 7. vulgare. 


WHAT WE CAN SUPPOSE 


|. Some complementary gene system is operating or at least a combination of 
factors from more than one source is necessary. We may suppose this to be the usual 
complementary system or some modification, or a complex wherein the effect of one 
inhibitor is moderated by another. 

2. Plants carrying factors for dwarfness are greatly influenced by the environment 
or at least there is sufficient interaction to give various phenotypes. Thus some dwarfs 
die in the three-leaf stage, others tiller profusely, others have a long growing require- 
ment, and others produce seeds. 

3. To account for the variability in expression of dwarfs we may suppose as 
WALDRON (55) did that the genes may be labile or we may suppose there are many 
modifiers operating. 

4, There are different genes involved in producing the genotype causing dwarfness 
in the F,‚ and those causing it in the F, or later generations. 

5. A good supposition is that the genes causing lethals or semi-lethals are entirely 
different from those causing dwarfness. Another suggestion is that they are the same 
only modified. A third suggestion is that they are different alleles of the same gene. 


WHAT WE WOULD LIKE TO KNOW 


L. It is very necessary to know whether the genes for dwarfness, lethality or semi- 
lethality are the same or not. It may be difficult to prove, especially if the major genes 
can be modified or if there is a difference emphasized by an activity in early stages of 
growth. Under most environments it is not possible to distinquish classes within the 
dwarfs. However, at Ottawa an intermediate class was established and HERMSEN (21) 
and MCMILLAN (30) and others have shown that differences do occur. Some experi- 
ments under controlled conditions should be made to see if plants with a heterozygous 
genotype respond differently than others that are homozygous. 

2. It would be interesting to know if there are common ancestors for all varieties 
that cause dwarfness and just what the origin of the complex is. If we assume a 
mutation or several mutations it would be essential to have some knowledge about 
frequency. 

3. Unwittingly, plant breeders seem to have selected strains of varieties that are 
carrying factors for dwarfness. The genes may thus be linked with others affecting some 
morphological characteristics and the genes for rust resistance may be one of these. 

4. As we know that semi-lethality occurs in interspecific or intergeneric crosses can 
we use this knowledge in determining or confirming relationships of genomes? 
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5. Finally we would like to know something of the nature of gene action and just 
how many genes are involved. It is quite clear from the literature that in experiments 
in which only a few varieties have been used, the segregation ratios have been con- 
sistent enough to satisfy the assumption of a few factors. However, whenever several 
varieties are used and all possible hybrids examined then the analysis becomes too 
complicated for a simple system. At Ottawa our results were so diverse and inconsistent 
that no hypothesis could be formed that would apply to more than one cross. Most 
authors had to make certain assumptions in order to explain their results satisfactorily. 
Several had unexpected or inexplicable results. One of the chief difficulties may be that 
the factors vary in number and potency from one variety to another. In other words 
the expression of the gene may not always be complete. This will have to be clarified 
along with a clarification as to whether discrete modifiers, inhibitors or other types 
of genes are present. Such information would be of invaluable assistance to the wheat 
breeders and is particularly important for future breeding work because the more 
combinations that are made by plant breeders, the more likelihood is there that dwarfs 
will occur. At the present time the appearance of dwarfs is not likely to be too bother- 
some except in specific crosses and with our present knowledge the occurrence can be 
forecast to a limited extent. 


SAMENVATTING 
Dwerggroei, semi-lethaliteit en lethaliteit bij tarwe 


Uit het literatuuroverzicht van de gevallen van dwerggroei, semi-lethaliteit en 
lethaliteit blijkt dat vele gevallen zijn te verklaren met complementaire factoren (zie 
tabel 1). 

Van verschillende rassen, die genoemde afwijkingen in kruisingen geven, kon wor- 
den vastgesteld dat zij verwant zijn. 

Aangezien dwerggroei vooral optrad in het veredelingsprogramma op roestresisten- 
tie, is het waarschijnlijk te achten dat genen voor dwerggroei gekoppeld zijn met die 
voor roestresistentie. 

Schrijver vestigt de aandacht op de lacunes in onze kennis en acht verbreding en 
verdieping van het genetische onderzoek van dwerggroei, semi-lethaliteit en lethaliteit 
van belang voor de tarweveredeling. 
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1. INTRODUCTION 


In a survey on flax breeding in the Netherlands published in Euphytica (DE HAAN, 
I), it was said that, “among other persons’, the farmer G. JENSMA of Ternaard, 
Friesland, obtained the Friesian white-flowering flax in 1816 by collecting white- 
flowering plants occurring in the blue-flowering Russian flax. However, on studying 
the origin and history of the white-flowering flax (2) 1 came to the conclusion that 
this honour is due to another farmer, named GEERT GEERTS BIJLSTRA, a gardener at 
the village of Foudgum in the district of Westdongeradeel, Friesland. 

At the same time I found data on the way in which selection procedures took place. 


2. VAN PEIJMA'S REPORT 


In December 1830 the Dutch Economic Society at Haarlem received from its 
correspondent at Ternaard, W. VAN PEIJMA, an extensive report on his “Inquiry into 
the origin and nature of the white-flowering flax, cultivated in the province of Fries- 
land”. VAN PEIJMA, who was a farmer himself near the village of Ternaard saved the 
story from oblivion as it was told by the “breeder” of the white-flowering flax, 
Mr. BirsrraA himself. 

In his introduction VAN PEIJMA remarks that most of the gardeners in the district — 
also BĲrsTRA — hired their land from large farms for the time of one or two years. 
They generally grew 4 to 1 ha of potatoes and flax. The time they did not need for their 
own crops was often spent at a larger farm in day service. They used to grow a blue- 
flowering flax derived from seed imported from Riga, the so-called Riga “ton”’-seed. 


3. MR. BĲLSTRA’S STORY 


VAN PeijMA gives the details of BĲLSTRA’s words as he told the story: 

“It was in the year 1816. My flax was in full bloom. One Sunday when I was walking 
through the fields and observed the plants 1 was suddenly struck by a plant with white 
instead of blue flowers. On closer observation of the field 1 discovered seven plants 
showing this particular character. It was conspicuous that they projected above the 
blue bulk. From this [ concluded that the white colour of the flowers could not be 
ascribed to some defect but that it should rather be considered as another type of flax 
and even a better one. 1 considered the possibility of collecting the seed of the seven 
plants and sowing it on a separate plot the next year. However, 1 was so pleased with 
my discovery that 1 had not even thought of marking the plants and, when later 1 did 
consider this point, 1 decided not to mark the plants themselves lest I should injure 
them. Therefore 1 cut a stick for every plant and tied them to these sticks by means of 
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strings. It stands to reason that I later observed the plants whenever it was possible. 
_ At the harvest 1 isolated them from the rest and so proceeded with the little seed they 
produced. 


In the spring of 1817 I sowed them in my own garden so that I could watch them 
more closely. 1 was happy to discover that the flowers were white again and that the 
stems were much of the same length as those of the previous year. So I did not doubt 
1 had “discovered” a new flax of an excellent length. However, I could not yet draw 
conclusions concerning its further value since my collection was too small. 1 had to be 
patient, even longer than 1 had imagined. For the next two years I did not dispose of 
adequate soil to trust my seed to. 1 feared a failure and therefore kept the seed in 
reserve. 

I continued my trials again in 1820 and they proved to be a success. So were the 
years 1821 and 1822. The seed had now accrued to about } hl, which in 1823 was 
increased to 15 hl. At that time and also in the coming years I sowed all my land with 
this seed. It was much in demand and I greatly profited from its good qualities for 
some years. In 1827 I obtained 1250 kg seed per ha and in 1830 the district of West- 
dongeradeel was for the greater part covered with this new type of flax derived from 
the 7 original white-flowering plants”. 


4. THE FURTHER HISTORY 


VAN PEIJMA added that the truth of BĲLSTRA’S story was confirmed by his neigh- 
bours and fellow-villagers and that the credit was generally given to him. VAN PEIJMA 
needed. no information concerning the good qualities of the new flax since he had 
grown it for several years. For instance, in 1827 he had two fields of more than 2 ha 
half under the white-flowering and half under the blue-flowering variety. His gardeners 
also preferred the new type; it was longer and had a better straw-stiffness. When in the 
following winter the weight of the processed flax looked very promising its fame 
spread widely. In 1830 the white-flowering flax sown in the district of Westdongeradeel 
exceeded by far the blue-flowering type while in the neighbouring districts it was on the 
increase. 


5. THE MERITS OF THE NEW FLAX 


From his experience in the fôllowing years VAN PeIJMA concluded that the white- 
flowering flax had several advantages over the blue, viz., 
1. The stronger straw which makes it more resistant to lodging (the summers of 


1829 and 1830 with heavy rain had proved this). 
2. The larger quantity of fibre which also exceeds the weight of the “blue” fibre. 


3. The larger seed. 


6. OPPOSITIONS FROM COMMERCIAL QUARTERS 


However, the introduction and distribution of the white-flowering flax had also 
roused fierce opposition, notably of the Leeuwarden Department of the Economic 
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Society. The relevant report was included in the 24th part, 1830, of the “Extracts from 
Reports’ mentioned before. Among other things the report says: “in order to maintain 
the sales of the Friesian Flax it is of the utmost importance to take measures to 
prevent the sowing of white-flowering flax”. A similar communication, part of it in 
almost the same wording, was inserted in the Report of the Governor of the Province 
of Friesland to the Provincial Council in 1832. The way in which export-possibilities 
had been brought into discussion suggest that it reflected fears from commercial 
circles. 

The reporter would have been surprised if he had known that the white-flowering 
flax, variety Concurrent, a line selection made by Prof. Dorst, introduced in 1929, 
would cover more than 90 % of the flax areas grown in the Netherlands during many 
years. 


SUMMARY 


In Euphytica (1) it was stated that the farmer G. JENSMA of Ternaard, Friesland, 
obtained the Friesian white-flowering flax. In this article it is reported to be the work 
of GEERT GEERTS BĲLSTRA, a gardener at Foudgum, Friesland. 

A correspondent of the Dutch Economic Society, VAN PEIJMA, tells the story of the 
selection of the new flax in BĲLSTRA’'s own words. The merits of the new flax are 
mentioned and also the opposition against its introduction by commercial circles. 


SAMENVATTING 


Opkomst van de teelt van witbloeiend vlas in Nederland 


In Euphytica (1) werd vermeld dat het Friese Witbloeivlas gewonnen is door 
G. JENSMA, gardenier te Ternaard. In dit artikel wordt uiteengezet dat de eer toekomt 
aan een zekere GEERT GEERTS BILSTRA, gardenier te Foudgum. 

Een correspondent van de Nederlandse Huishoudelijke Maatschappij, de heer VAN 
PeIJMA, geeft het verhaal weer in BĲLSTRA’S eigen woorden. 

De goede kwaliteiten van het vlas worden beschreven, alsook de oppositie, die de 
introductie ervan ontmoette in handelskringen. 
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INTRODUCTION 


Nicotiana tabacum and N. rustica have each several characters which can supple- 
ment the needs of the other. N. rustica is early, requiring only 45 to 60 days to flower, 
has a higher nicotine content and is resistant to several diseases like powdery mildew, 
wild fire and blue mould, besides possessing field resistance to mosaic. N. tabacum has 
a higher leaf number, larger leaf size and a wider adaptability to growing conditions. 
The cross between these two species has been found to succeed only when N. rustica 
is used as the pistillate parent, though seed setting is poor owing to the abortion of 
immature embryos (BRINK and Cooper, 1). The reciprocal cross normally fails due to 
the inadequate growth of rustica pollen tubes in tabacum style (SWAMINATHAN and 
RADHAKRISHNA MURTY, 14). Hybrids from the cross N. rustica Xx N. tabacum have 
been studied by several authors (KOSTOFF, 7; GOODSPEED, 6). SMITH (9, 10, 11) in- 
vestigated in detail the cytology of rustica-tabacum hybrids and has backcrossed the 
F, plants several times to N. rustica. In this way he transferred the recessive “mam- 
moth” gene of N. tabacum (which causes the otherwise day-neutral plants to flower 
only under short photoperiod) to N. rustica in which this mutation has never been 
found to occur spontaneously. 

Plants belonging to the second segregating generation of the sixth backcross of F, 
(N. rustica x_N. tabacum) to N. rustica raised from seeds kindly provided by Dr. 
HAROLD H. SMITH of the Cornell University, were grown in Delhi during the years 
1955 and 1956 in order to compare their performance with the improved rustica strains 
produced at this Institute. These plants were found to possess several characters of 
N. tabacum and to show some floral abnormalities as well as meiotic aberrations, 
seed sterility and a peculiar behaviour with reference to the expression of mammoth 
character. In the present report, some of the observations made in this material are 
recorded. 


MATERIAL AND METHODS 


Two families of the rustica-tabacum material were received from Dr. SMITH (Nos. 
55319 and 55380). Part of the material was grown in a glasshouse and the rest was 
planted in the field. Field plantings were done in January and February. For purposes 
of comparison, N.P. 219, an improved strain evolved at the Indian Agricultural 
Research Institute, was grown both in the field and in the glasshouse. Purpurea, the 
tabacum parent used in the cross was also grown in the glasshouse. The hybrid seeds 
were shrivelled and varied in colour from dark to pale brown. Germination was less 
than 40 per cent, in contrast to the more than 96 per cent germination shown by 
normal rustica. 
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For the study of meiosis in microsporocytes, anthers were fixed in carnoy’s fluid 
(6:3:1) for 24 hours and squashed according to the propiono-carmine schedule 
(SWAMINATHAN et al, 13). Nicotine content in leaf samples was estimated spectro- 
photometrically (RAMAMURTY ef al, 8). 


OBSERVATIONS 


Growth habit and yield: The hybrids were more-vigorous than N. rustica (N.P. 219) 
throughout the period of growth (Figs. 1 and 2). There was a pronounced suckering 
and branching-tendency in the hybrids. Statistical analysis of the data (Tables 1 and 2). 


FIG. 2. PLANTS OF rustica-tabacum GROWING IN THE FIELD 
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TABLE 1. YIELD AND GROWTH CHARACTERS OF rustica-tabacum HYBRIDS 


b 
No. of 

Material NE dass do Range 
Ï.P. 219 10 54.50 | 48-61 
5379 
Sarly planting) / 89.57 | 80-99 
{Late planting) 3 — 
5380 
Zarly planting) 16 75.80 | 62-92 
(Late planting) 9 — 
‘urpurea l 89.00 122.60 


Height 


Ee re length 


cms. 


56.61 | 27.12 


28.59 | 
89.80 


53.41 
38.67 


117.29 
80.76 | 33.78 
46.20 | 29.00 


49,11 


Panicle 


No. of 

leaves 
per 
plant 


11.80 


23.29 
117538 


20.25 
17.00 
32.50 


Largest 


L. 
cms. 


23.40 


26.93 
21,17 


24.18 
2210 
14.20 |1 


leaf [Mature 
-—| capsu- 

B. les/ 
cms. plant 
24.31 (112.82 
20.40 0 
17503 0 
20.54 | 21.69 
17.43 0 
38.00 


Yield | Nico- 
in tine 
gms/ [content 
plant | (%) 
65.82 2.88 
145.70 272 
134.98 2.38 


1 The number of days to flower and yield data were not recorded. 


TABLE 2. PLANT GROWTH MEASUREMENTS OF rustica-tabacum HYBRIDS EXPRESSED AS PERCENTAGE OF 
THOSE OF N. rustica 


Leaf size No. of 
Material eh to Height Win ot Yield mature 
ower eaves E En Be 
Zet 2I® 100 100 100 100 100 100 100 
B. 55379 164,4 229.2 197,4 MESA 83.9 221.4 0 
C. 55380 139.4 OTE 171.6 103.3 84.5 105.1 19,24 
Significance by CER tant; en, EEEN es e nes 
t test BCA BCA BCA ABC ACB BCA rj ABC 


revealed significant differences in height, time of flowering, number of leaves per 
plant, yield of dry leaf and number of mature capsules per plant between the hybrids 
and N. rustica. There was no significant difference in leaf size. It is interesting to state 
that the hybrids had twice the height of N. rustica, although the proportion of the 
size of panicle to plant height was similar in both. Flowering was delayed in the 
hybrids by 20 to 35 days and it also varied much in the different hybrid plants. One 
of the hybrid families (55379) took 15 days more than the other to flower. The 
increased vegetative growth in plants of this family is probably responsible for the 
increased yield obtained from them. 

When the characters of the hybrids were compared with those of N. tabacum var. 
Purpurea it was observed that plant height, leaf shape and number, panicle type and 
the expression of mammoth character are some of the traits transferred from N. 
tabacum to the hybrids (Figs. 2, 3 and 4). 

Floral abnormalities: All the hybrid plants had some flowers with split corolla, an 
abnormality not seen in N. rustica. The proportion of such flowers to normal flowers 
in the different plants ranged from 12 to 85 per cent. In two plants the flowers had a 
vestigeal corolla, very short styles (2 to 3 mm. in length), mutilated stigmas and a 
calyx fused with the style (Fig. 5). The anthers in such flowers were rudimentary and 
did not contain any pollen. No seed setting was obtained even in pollinations with 
normal pollen. These plants were found to show partial asynapsis. 
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Fro. 3. LEAVES OF (1) N. tabacum VAR. PURPUREA, (2) rustica-tabacum HYBRID AND (3) N. rustica 


Segregation for mammoth character: As already mentioned, Smrrn (11) transferred 
this character from the variety Maryland Mammoth of N. tabacum to _N. rustica in 
order to increase the leaf number in the latter species. SMITH also found that this 
character is controlled by a single recessive gene. During the present study 29 hybrid 
plants had been kept in the glasshouse and 23 had been planted in the field. The 
sowing had been done at the same time in both cases. Among the plants grown in 
the glasshouse, 6 were found to be mammoths (2 in culture No. 55379 and 4 in culture 
No. 55380). No mammoth plants, however, occurred in the field. Theoretically, the 
cultures may be expected to segregate in the ratio 3 normal: l mammoth if they were 
initially heterozygous for the locus. It was hence interesting that while both the 
cultures segregated for this character in the glasshouse, all those that were grown in 
the field behaved as normal plants. That the plants classified as mammoths were not 
just normal plants in which flowering was delayed, was shown by the fact that some 
of the plants from the same material sown as late as the last week of March fiowered 
in June. 

Cytological observations: Microsporogenesis was studied in 23 plants. Six plants 
were found to be asynaptic and meiosis was characterised by regular bivalent forma- 
tion in the rest. The data are given in Tables 3, 4 and 5. While diakinesis was usually 
normal with 24 bivalents, the chromosomes at metaphase were sticky (Figs. 6 and 7). 
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FIG. 4. PANICLES OF (1) N. rustica (2) rustica-tabacum HYBRID AND (3) PURPUREA 


Anaphase irregularities included sticky bridges, bridges without fragments, dicentric 
bridges and acentric fragments and lagging chromosomes ranging from 1 to 11 in 
number. There was unequal distribution of chromosomes in second metaphase 
plates. There were occasional bridges and lagging chromosomes at second anaphase. 
Besides normal tetrads, monads, dyads, triads and polyads as well as many micronuclei 
were observed at the sporad stage (Table 5, Fig. 8). Pollen was of variable sizes. Some 
were multi-nucleate with a maximum number of six nuclei. While normal pollen 
measured 38.1 X 41.9 microns, some large grains measured 50.8 x 54.5 microns. 
A few dyads were also found to be sticking together while the other spores were free 
(Fig. 9). 

Pollen and seed fertility: In proportion to their size, the anthers contained very little 
pollen. Pollen fertility as tested by stainability in acetocarmine, was found to vary 
much and ranged from 0 to 71 per cent in the different plants. Those with complete 
pollen sterility were later identified as asynaptic plants. The number of capsules per 
plant varied from O to 73 in the hybrids, while N. rustica plants had on an average 
113 capsules per plant. There were about 250 seeds per capsule in N. rustica in com- 
parison with the O to 132 seeds per capsule observed in the hybrids. Plants which 
commenced flowering in the last week of April did not show any seed setting even 
when hand-pollinated. N. rustica plants, however, set some seeds under hand pollina- 


tion during the hot weather. 
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TABLE 3. CHIASMA FREQUENCY AT DIAKINESIS IN N. rustica, N. tabacum AND rustica-tabacum 


; Neat Configurations with xta xta per Range 
Me PMCs D 5 5 PMC | of xta 
N. tabacum 
var. Purpurea 10 0.33 Sp) 17.67 0.41 42.33 40-44 
N. tabacum 
var. Natu 20 0.00 3.10 18.55 DEE 47.25 46-49 
N. rustica 15 0.00 4.20 16.73 3.07 46.87 4549 
55379 
(Normal plants) 45 0.27 1.18 19.17 3.55 50.07 4950 
55380 
(Normal plants) 30 0.61 1.98 19.33 2532 48.86 4849 


‘TABLE 4. MEIOSIS IN NORMAL PLANTS OF RUSTICA-TABACUM 


Metaphase 1 Anaphase I Anaphase 11 Balanced 
Family and — ì gametes 
plant No. No. of Percent No. of Percent No. of Percent percent 
PMCs abnormal PMCs abnormal PMCs abnormal 
55379 
28/1 40 95.0 | 63 25.4 105 85.7 60.0 
E 28/2 70 92.9 61 44.3 57 33.3 — 
â 4/2 111 36.0 
55380 
22/1 91 87.9 65 90.8 53 67.9 62.3 
30/1 58 (7/2 56 21.4 59 25.4 80.0 
5/5 44 86.4 98 AS 52 34.6 71.8 


TABLE 5. SPORAD ANALYSIS, POLLEN AND SEED FERTILITY AND OTHER CHARACTERS OF NORMAL PLANTS 
OF RUSTICA-TABACUM 


; ry lea 
Baas Du | Teade | roti NER) Se | vedan 
55379 
28/1 92 75.0 OE 54 100.0 98.8 
28/2 99 68.7 22.4 76 30.1 101.5 
E 4/2 — — 4.0 3 0 159,4 
55380 | 
22/1 9% 36.5 48.6 65 38.3 79.8 
30/1 118 69.5 | 70.3 73 78.2 81.3 
95 76 59.2 er 8 90.6 141.2 


1 Not analysed for sporads 


Asynaptic plants: Three plants in culture No. 55380 were found to be completely 
asynaptic, chromosome pairing failing to take place from pachytene onwards. In such 
plants, a maximum frequency of 4 bivalents could be seen in some cells. All the 
bivalents were loosely associated with chiasma in only one of the arms. Sticky bridges, 
lagging univalents and unequal distribution of chromosomes were observed at 
anaphase 1 and IL. Pollen sterility was nearly complete, though occasionally a few 
large well stained pollen kernels probably representing dyads or monads, were seen. 
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FIG. 5. FLOWER ABNORMALITIES IN rustica-tabacum HYBRIDS. FLOWERS OF rustica AND 
tabacum ARE ON THE LEFT AND RIGHT EXTREMES RESPECTIVELY 


8 9 


Fia. 6 TO 8. MICROSPOROGENESIS IN A rustica-tabacum HYBRID 


Fig. 6. METAPHASE 1 SHOWING 24 BIVALENTS 

Fig. 7. METAPHASE I SHOWING STICKINESS 

Fi. 8. TELOPHASE IL WITH 6 GROUPS OF CHROMOSOMES 

Fig. 9. SOME LARGE POLLEN KERNELS OF rustica-tabacum (ONE IS A DYAD) 


CYTOGENETIC STUDIES IN Ee RUSTICA X N.TABACUM 


In addition to the completely asynaptic plants, there were three partially asynaptic 
plants in which there were on an average 16.92 bivalents and 14.16 univalents per cell. 
The maximum number of bivalents observed was 18. The partially asynaptic plants 
also had various other meiotic abnormalities like irregular disjunction, stickiness, 
formation of micronuclei at the sporad stage etc. Pollen fertility was low, only 11.6 
per cent of pollen being stainable. 

The number of mature capsules varied from plant to plant. Under conditions of 
open pollination, two completely asynaptic plants which flowered 17 to 24 days earlier 
than the third, had 34 and 56 capsules with 71.1 and 35.1 seeds per capsule respectively. 
The third plant which flowered 88 days after planting did not form any capsule. 
A partially asynaptic plant had 73 capsules with 131.8 seeds per capsule. 


DISCUSSION 


The rustica — tabacum plants studied by us were derivatives of the sixth backcross to 
rustica. They still resembled tabacum in leaf shape, leaf number, profuse suckering, 
panicle type and duration of flowering. The question arises as to what this persistence 
of tabacum — characters, in spite of repeated backcrossing, is due. In the F‚ N. rustica 
x_N. tabacum up to 7 bivalents have been reported to occur (GOODSPEED, 6). This 
frequency is much higher than what is found in haploids of either N. tabacum or 
N. rustica. In fact, haploid plants of Purpurea, the tabacum variety used in the cross, 
show only one bivalent per cell and that too rarely (GoopspPeep, l.c.). It is thus clear 
that some chromosomes of rustica and tabacum pair with each other at the F, stage. 
EGHIS (5) regards the transfer of characters from tabacum to rustica as being due to 
an interchange of small segments between the chromosomes which pair in the F,. 
Even whole chromosomes could be involved in such a transfer, since, according to 
CLAUSEN (2), introgression of characters in several species hybrids takes place in this 
manner. In the hybrid plants studied during the present investigation there was no 
reduction in chiasma frequency in comparison with the values found in tabacum and 
rustica. There were, however, several meiotic abnormalities chiefly of a physiological 
nature but probably genetically controlled and also a considerable reduction in. seed 
setting in comparison with N. rustica. Since the material has been selfed before being 
backcrossed in several stages (SMITH, 11), it is possible that there are some chromosome 
segments of tabacum translocated into rustica chromosomes. Such differential segments 
would behave as units in inheritance and would tend to be passed on unaffected to the 
various backcross generations. If only some individual loci instead of chromosome 
segments are involved, there would be segregation for the characters in the different 
progenies and with every backcross to rustica there would be a gradual elimination of 
the tabacum genes unless conscious selection for such characters is practised. The 
existence of cryptic structural differences in the chromosomes of the rustica — tabacum 
hybrids with the consequent deficiencies and duplications caused in the gametic 
chromosome complements, would therefore explain most of the observed results. 
Mammoth character: The genetics of several characters has been followed in the 
cross N. rustica X N. tabacum and Eamis (5) found simple monogenic segregation 
for some of them. However, the inheritance of the Mammoth gene, which has been 
identified only in N. tabacum, is the best worked out among the various genetic studies 
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in rustica — tabacum hybrids. In N. tabacum, it has been found to be inherited as a 
simple recessive. The fact that from the 3rd and 4th backcross generations the segre- 
gations were simple, made SMITH (11) conclude that a cross-over rather than substitu- 
tion or addition of a tabacum-chromosome has caused the transference. During the 
present study, segregation for what appears to be mammoth character occurred only 
in plants grown in pots (out of 29 plants, 6 were mammoth). The segregation in this 
case could be explained on a simple Mendelian basis. However, there was no segrega- 
tion for mammoth character in plants grown in the field. SmrrH (9) who obtained 
segregation for mammoth in only one out of 5 different crosses with rustica-tabacum 
plants, explained this behaviour on the assumption that the chromosomes carrying 
the mammoth gene were lost in the plants segregating for mammoth. Such an explana- 
tion cannot be applied to the situation described in this paper. Obviously the expres- 
sion of the mammoth character is an inter-related response of heredity and environ- 
ment. SMITH (11) failed to make the mammoth plants flower under 6, 8 and 18 hour 
day lengths. Owing to the failure of rustica-tabacum mammoths to flower, SMITH could 
not study the meiosis in such plants. In this connection, some interesting results 
obtained by STEINBERG (12) give a possible explanation for mammoth segregants 
occuring in the glasshouse and being absent under field conditions. 

STEINBERG (12) found that rustica-tabacum mammoths did not flower when grown 
under warm conditions (75 °F) but flowered when cultivated under lower temperatures 
(ie. 65 to 75 °F during day; 50 to 60 °F during night). Thus, the mammoth gere, 
transferred from N. tabacum, no longer behaves as a day-length preceptor but func- 
tions as a temperature — flowering preceptor. The temperature conditions at Delh 
during January-February.in the field closely approximate the requirements mentioned 
by STEINBERG as necessary for mammoths to flower. This could have caused flowering 
in them, while under glasshouse conditions the day temperatures were higher and the 
fluctuations between day and night temperatures were not as great as in the field. This 
might be responsible for the mammoth plants not commencing to flower at all. 
STEINBERG has further stated that day-neutral tabacums may also respond to a low 
temperature treatment for the stimulation of flowering. In fact, Nattu, a local variety 
of N. tabacum, was found to behave at Delhi in a way which suggested the need of 
cold temperatures for flowering. The plant suddenly ceased its reproductive growth 
and started growing again vegetatively when the temperature rose from April on- 
wards. All these facts tend to support the view expressed by DOBZHANSKY and HoLz 
(4) that “Genes produce not characters but physiological states which through inter- 
actions with the environmental influences, cause the development to assume a definite 
course and the individual to display certain characters at a given stage of the develop- 
ment process”. 

Another interesting aspect of the flowering response of the rustica-tabacum mam- 
moth relates to SMITH’s (11) observation that with each successive backeross to rustica 
there was a decrease in the number of mammoth plants which flowered under short 
day conditions. An analogous behaviour is the increase in male sterility observed by 
CLAYTON (3) in successive backcrosses of N. debneyi x N. tabacum to tabacum. 
As in the debneyi cross, cytoplasm — nucleus interaction may play an important role 
in controlling the response of the mammoth gene in a rustica background. It is 
significant in this connection that mammoth character, though of frequent occurrence 
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in tabacum, is absent in rustica and is gradually suppressed in hybrid derivatives 
involving rustica. Even in the postulated progenitors of rustica, mammoth gene has 
not been recorded. 


Economic importance of the rustica-tabacum derivatives 


The hybrid derivatives had many of the desirable qualities of both parents. Also, 
without reduction in the nicotine content, they gave a higher yield in comparison with 
rustica. Late flowering and reduction in seed setting are the important handicaps. 
Since there was a considerable variability in the manifestation of these characters in 
individual plants, it may be possible to subject the population to further rigorous 
selection. The population was fairly uniform with reference to plant habit and vigour 
and consequently selection for earliness and better seed setting may not affect the 
yield and leaf characters. 


SUMMARY 


Two families belonging to the second segregating generation of the sixth backcross 
of (F‚ N. rustica x_N. tabacum) to N. rustica were studied and it was found that both 
populations were cytologically unstable. However, the plants were uniform in most 
of the morphological characters. 

Segregation for “mammoth” character occurred only in plants kept in the glass- 
house. It is suggested that the “mammoth” gene behaves as a temperature preceptor 
for flowering in a N. rustica genotype. 

The hybrids resembled N. tabacum in height, leaf number, leaf shape and panicle 
type and this persistence of the characters of N. tabacum, in spite of repeated back- 
crossing to N. rustica, is explained on the assumption that small segments of tabacum- 
chromosomes have been translocated into those of rustica. Such a type of cryptic 
structural differentiation of chromosomes in the hybrids would explain many of the 
observed phenomena like abnormalities in meiosis, seed sterility and block transfer- 
ence of tabacum-characters. 

From an economic point of view, the hybrids are superior to rustica in yield and 
it will be possible to evolve from them commercial strains by further selection for 
earliness and fertility. 
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SAMENVATTING 


Cyto-genetische onderzoekingen van materiaal afstammend van 
Nicotiana rustica x_N. tabacum 
Twee families behorende tot de 2e splitsende generatie van de 6e terugkruising van 


de F‚ N. rustica X N. tabacum met N. rustica werden onderzocht. Beide populaties 
bleken cytologisch niet stabiel te zijn, doch waren uniform voor de meeste morfolo- 


gische kenmerken. 
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Splitsing in normaal en “mammoth” (recessief gen voor korte dag) werd alleen 
waargenomen bij planten in het warenhuis. Verondersteld wordt dat het mammoth- 
gen sterk beinvloed wordt door de temperatuur. 

De bastaarden geleken op N. tabacum in hoogte, aantal bladen, bladvorm en 
bloeiwijze. Verondersteld wordt dat het voorkomen van N. tabacum-eigenschappen, 
niettegenstaande herhaalde terugkruising met N. rustica, berust op vervanging van 
kleine segmenten van de tabacum chromosomen door die van rustica. Met deze 
structuurveranderingen van de chromosomen zijn vele van de waargenomen ver- 
schijnselen (abnormale meiosis, steriliteit, koppeling van fabacum eigenschappen) te 


verklaren. 
De bastaarden zijn productiever dan rustica, zodat verwacht wordt dat bij voort- 


gezette selectie op vroegheid en fertiliteit praktijkrassen verkregen zullen worden. 
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INTRODUCTION 


A quick identification of garden pea varieties may be very useful as far as it permits 
an effective check on the identity and purity of seeds grown for commercial purposes. 
It would be very attractive if, with the help of seed and young plant characters, the 
observations could be made in winter, between the last harvest and the next sowing. 

Seed characters are helpful but of limited use for the identification of a variety. 
VAN DER VAART (4) described the identification of pea varieties in the seedling stage. 
He found that when the leaf in the third node is developed, the shape of the first two 
leaves (scales) of young seedlings is very characteristic. In this way VAN DER VAART, 
could distinguish fourteen agricultural pea varieties. Using VAN DER VAART's method 
G. P. MoRRis (2) distinguished 40 pea varieties, including some garden peas, while 
PETERS (3) distinguished 20 varieties, mainly horticultural peas. 

At the Institute of Horticultural Plant Breeding, Wageningen, the present writers 
have tried to find out if the characters of the first two leaves could be used for the 
identification of all the garden pea varieties in their collection (about 500 varieties) and 
for an effective check of the purity of commercial varieties. 


MATERIAL AND METHODS 


During the winter months December and January young pea seedlings were grown 
in air-conditioned glasshouses at the Institute (1). All varieties were grown at a 
constant temperature of 20 °C, while some were also grown at a constant temperature 
of 26 °C and 17 °C. 

Seeds were sown in trays, ‘filled- with-a mixture consisting of equal parts of sandy 
soil and peat, covered with a layer of coarse sand about 5 cm thick. Before sowing, the 
soil was watered thoroughly, to avoid watering and subsequent damping off during 
the growing period. Seeds were disinfected with T.M.T.D. and sown in the layer of 
sand. Additional light from 450 W Philips’ H.O. 2000 lamps was given from 8 a.m. — 
4 p.m.; one lamp per square meter, hanging 0,85 m above the soil surface. Thirty 
seeds of each variety were sown. 

About twenty seedlings were used for preparing shadowgraphs of the leaf-scales. 
The plants used for the shadowgraphs were chosen at random; very weak plants were 
not used. At 20 °C the shadowgraphs could be prepared. 14 days after sowing, when the 
fourth leaf of the plants was about to unfold. The young plants were lifted and, if 
necessary, stored in polythene bags to avoid wilting. The scales were torn from the 
plants by bending them over the edge of a sharp knife (Fig. 1) and then put on the 
glass of a 13 x 18 em photographic printing frame. The glass had previously been 
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moistened with water to avoid curling of the very small scales. The scales on the glass 
were covered first with a thin sheet of transparent polythene, then with a sheet of 
phototypic paper (ozalid black K) after which the printing frame was closed (Fig. 2). 
If it is necessary to multiply the prints transparent ozalid Radex paper can be used 
successfully. After illumination the print was developed in ammonia. In this way 
shadowgraphs were made of a collection of about 500 garden pea varieties. 


INFLUENCE OF DIFFERENT GROWING TEMPERATURES 


Space sufficient to grow several hundreds of varieties was only available in an 
air-conditioned glasshouse with a constant temperature of 20 °C. To determine the 
influence of the growing temperature on the shape and size of the scales some varieties 
were also grown at a constant temperature of 26° and 17 °C. Fig. 3 shows some typical 


FINETTE 


AURORA 


ALASKA 


Fro. 3. SIZE AND SHAPE OF SCALES AT DIFFERENT TEMPERATURES. UPPER ROW OF EACH VARIETY FIRST 
SCALE, LOWER ROW SECOND SCALE 


scales of the varieties Finette, Aurora and Alaska, grown at 26°, 20° and 17 °C 
respectively. The shadowgraphs were made at the time at which the fourth leaf was 
about to develop. Apparently the shape of the scales changes only slightly with the 
different temperatures, but the size is strongly influenced. The scales are small at 26°, 
markedly larger at 20°C and larger still at 17 °C. 

These differences in size occurred both in winter-grown plants that received 
additional light and in spring-grown plants without additional light. From this it 
follows that a reliable comparison of the scale shadowgraphs of a certain variety with 
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Fia. 1. REMOVAL OF SCALE-LEAVES 


Fi. 2. PRINTING FRAME 
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Fig. 4. YOUNG PLANTS OF TALL GARDEN PEA VARIETY 
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Fig. 5. YOUNG PLANTS OF BUSH GARDEN PEA VARIETY 


IDENTIFICATION OF GARDEN PEA VARIETIES 


shadowgraphs of a collection made at an earlier date is only possible if the temperature 
conditions have been as nearly identical as possible. 


IDENTIFICATION OF PURE VARIETIES 


Garden pea varieties can be grouped according to the shape and colour of the seeds; 
the seed may be round or wrinkled, the cotyledons green or yellow. Moreover in some 
cases characters of the seed coat and the hilum can be used. Young plants of bush 
varieties can be readily distinguished from those of tall varieties. Tall varieties have 
long thin internodes; bush varieties are much shorter (Fig. 4 and Fig. 5). Between 
_the different tall varieties only small differences in length of the young plants occur; 

the differences in length between the different bush varieties are much greater. Only in 
two out of several hundred cases (Feldham First and Limburgse Groene Krombek) 
did the classification of the young seedlings into bush and tall varieties not agree with 
the classification of the full-grown varieties in the field. Feldham First is a bush variety, 
but the young seedlings were classed with the tall varieties; the opposite was true for 
Limburgse Groene Krombek. Using the above mentioned characters of seed and young 
plants (round or wrinkled, green or yellow, bush or tall) eight groups were formed. 
In our collection these groups contained from 25 to 125 varieties. The number of 
varieties in a group would be much smaller if they contained only the important 
commercial varieties. 

To identify a variety with the help of the first two leaves of the seedlings the follow- 
ing method was used: 

The shadowgraphs of all varieties of the group to which the unknown variety 
belongs were laid out on a table, arranged according to the size and shape of the 
scales. The shadowgraphs of the scales of the unknown variety were then compared 
with the shadowgraphs on the table. Usually the greater part of the varieties can be 
eliminated immediately, as they show clear differences. The remaining varieties were 
then compared more closely with the unknown variety. In this way it proved possible 
in most cases to identify a variety with certainty. 

In case of doubt it will be necessary to sow the unknown variety again, together 
with one or more varieties that show the closest resemblance in seed and scales. 
Several small differences of the seed and of the young plant and in some cases shadow- 
graphs of the third leaf (the first incomplete leaf) generally provide enough information 
for a safe identification. It is not possible to reproduce here the shadowgraphs of all 
500 varieties tested. As an example figure 6 shows some typical first and second scales 
of six varieties. 


IDENTIFICATION OF MIXED VARIETIES 


Good results were obtained with the identification of pure varieties. It is more 
difficult to determine whether varieties are mixed, as even the shape of scales of a pure 
variety can differ considerably. Yet it is very important for a seedgrower to be able 
to find out quickly whether mixing of varieties, mostly occurring during threshing, has 


taken place. 
In order to ascertain if it is possible to detect mixtures and to identify the mixed 
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CELSIOR 


CONSERVENKONINGIN | ALASKA 


Fig. 6. SOME TYPICAL FIRST AND SECOND SCALES OF SIX PEA VA- 
RIETIES. UPPER TWO ROWS OF EACH VARIETY FIRST SCALE; 
LOWER ROW(S) SECOND SCALE 


varieties, 13 mixtures were made at the institute by a co-worker, who in other respects 
was not concerned with these experiments. These mixtures contained three varieties 
at the most, the seed colour and scales of which were very much alike. 

It was possible to detect that there was more than one variety in all the seed samples. 
Here differences in growth habit etc. of the young plants proved to be very useful for 
the detection. In most cases the names of the mixed varieties were determined. In a 
few cases it was impossible to determine all the varieties of the mixture correctly; if a 
third variety was present in the mixture it was not always discovered, due to the fact 
that it was not sufficiently distinct from the other varieties. The number of com- 
mercial varieties in current use in a certain country is much smaller than the large 
number of varieties used in the present experiments. Consequently the differences 
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between the varieties when mixed will be greater than in our experiments, in which 
moreover mixtures were chosen. of varieties that were very similar to each other. 

So we may conclude that mixtures in commercial seed can nearly always be readily 
detected in the seedling stage of the plants. In most cases it is also possible to identify 
the mixed varieties. 


SUMMARY 


1. With the aid of the first and second scale, in combination with seed and other 
characteristics of the young plants, it is possible to identify the numerous commer- 
cial garden pea varieties. 

A reliable comparison of scale shadowgraphs is only possible if the temperature 
conditions under which the young seedlings have grown have been as nearly 
identical as possible. 

2. Mixtures in commercial seed can nearly always be readily detected in the seedling 
stage of the plants. In most cases it is also possible to identify the mixed varieties. 


SAMENVATTING 


De praktische betekenis van een identificatie van doperwtenrassen in het zaailingstadium 


1. Het is mogelijk om met behulp van de eerste en de tweede knopschub, in com- 
binatie met zaad- en andere eigenschappen van de jonge planten, het zeer grote aantal 
in de handel voorkomende doperwtenrassen te identificeren. Een betrouwbare ver- 
gelijking van lichtdrukken van de knopschubben is alleen mogelijk als de tempera- 
tuursomstandigheden, waaronder de zaailingen werden geteeld, zo goed mogelijk aan 
elkaar gelijk zijn. 

2. Vermengingen in handelszaad kunnen meestal reeds in het zaailingstadium van 
de planten ontdekt worden. In de meeste gevallen is het ook mogelijk om de rassen 
in het mengsel te identificeren. 
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1. INTRODUCTION 


Resistance to potato root eelworm, Heterodera rostochiensis WOLLENWEBER, was 
found by ELLENBY (3, 4) to occur in only eight lines among over 1,300 forms belonging 
to some 60 wild and cultivated potato species of the Commonwealth Potato Collection 
(C.P.C.). Two of these lines, C.P.C. 105 and 2413, were of the wild diploid species 
Solanum vernei, one line (C.P.C. 1647) was a triploid hybrid with affinities with 
S. tuberosum subsp. andigenum, and the remaining five lines (C.P.C.’s 1595, 1673, 
1685, 1690 and 1692) were all S. twberosum subsp. andigenum. 

TOXOPEUS and HUIJSMAN (10) suggested that resistance in C.P.C. 1673 was due to a 
single dominant factor (H), whereas in C.P.C. 1685 it was due to two complementary 
factors (K and L). Later, however, HUIJSMAN (7) showed that resistance in C.P.C. 1685 
was due to a single factor as in C.P.C. 1673. Results at Cambridge for material bred 
from C.P.C. 1685 have also shown that resistance in this clone is due to a single 
dominant factor and not to two complementary factors (HOWARD, 5, 6). In the 
present paper data are given to show that in material bred from C.P.C. 1690 resistance 
is again due to a single dominant factor. 


2. MATERIAL AND METHODS 


The families discussed in this paper have two separate origins. First there are families 
descended from a cross made by Dr. W. BLACK of the Scottish Plant Breeding Station 
between Snowflake and a seedling, 220310, obtained from seed of C.P.C. 1690 
selfed. Secondly there are families derived from three of the four plants only (family 
H 2) obtained at Cambridge from selfed seed of C.P.C. 1690. 

Testing for resistance to eelworm was carried out by planting in an eelworm infested 
soil (a black fen soil from Feltwell, Norfolk) either cuttings of seedlings or tubers 
produced by seedlings. Small pots (3 inches internal diameter), sunk in beds containing 
a mixture of peat and sterilized soil, were used. Plants could usually be scored for 
resistance versus susceptibility at about six weeks after planting. There was usually 
no difficulty in scoring as the seedlings descended from C.P.C. 1690 contained few or 
no plants with an intermediate reaction, i.e. there were only resistant seedlings with 
0 to 5 cysts-or susceptible seedlings with several hundred cysts. 


3. FAMILIES DERIVED FROM SNOWFLAKE X 220310 


Family Z 14 was raised at Cambridge in 1953 from seed supplied by Dr. W. BLACK 
of the Scottish Plant Breeding Station. The parents of this family were the old variety 
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Snowflake and seedling 2203-10, the latter being a seedling from C.P.C. 1690 selfed. 
As is shown in Table 1, there was in family Z 14 a 1:1 segregation for resistance: 
susceptibility. The scoring was accurate because all resistant seedlings in the family, 
which have been used in breeding, have themselves given progenies containing about 
half of resistant plants. 


TABLE 1. FAMILIES FROM SNOWFLAKE X 220310 


k Family Type Segregation Retest of 
Generation No. Parents of Resistant: Resisters 
test! Susceptible | Res.: Susc. 
F, Z14 Snowflake x 220310 C 17:13 
B, NS Z 14/3 Xx Ulster Knight (©: 50:43 
B, Y16 Z 14/11 x Z 10/17? @ 16:23 
B, Y43 Z 14/1 x Ulster Knight C 15:68 16: 1 
B, Y44 Z 14/2 X 5 ss EC 48:41 Sl 
B, Y 54 Z 14/4 X 5 5 C 65:43 8:1 
B, NDS ZAAI nt 5 C 54:58 3:0 
B, Y 56 ZA IOS ee 55 C 109:95 9:1 
B, Total C 417:371 41:4 
B, lS Y 43/146 x CI. 650% Ji 4:2 
B, X 16 Y 44/6 x CI. 650? gn ist) 
B, X 49 Y 43/22 Xx Cl. 650? TE Dell 
B, X 50 Y 43/46 Xx CI. 650% J Os 11 
B, X 57 Y43/1 x Ulster Knight ij 6:5 
B, Total T 32:28 


1 Type of test — C as cuttings from seedlings; T as plants grown from tubers in infested soil, 2 pots 
of each seedling. 

2 Z 10/17 — a pollen-fertile seedling from the cross Gladstone Xx Cl. 650. 

3 CI. 650 — a pollen-fertile seedling from the cross Arran Cairn X Herald (bred by Mr. JOHN CLARKE, 
breeder of the Ulster series of varieties). 


Results are also given in Table 1 for two further generations, — first and second 
backcrosses by cultivated varieties or pollen-fertile seedlings from crosses between 
cultivated varieties. In all families there appear to be 1:1 segregations for resistance : 
susceptibility. There is a small, but not significant, excess of resistant seedlings in the 
first backcross generations. Part of this excess (probably about 10 % of the number of 
resisters, see Table 1) is definitely due to tests on cuttings not being one hundred per 
cent efficient. Thus some of the seedlings which were classified as resistant on a 
cuttings test were found in the next year to be susceptible when tubers from the seed- 
lings were planted in the infested soil. 

The second backcross seedlings (families X15, X16, X49, X50 and X57) were not 
random samples from the families, but were seedlings which had been selected from 
plants of the first tuber generation as being good for yield and other desirable char- 
acters. This accounts for the small numbers tested. Selection was severe, thus, for 
example, the six plants of family X 15 were selected from over 200 plants. Scoring was 
accurate as two pots of each seedling were grown in the tests, and in every case the 
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results for the two pots were in agreement. It should be noticed that there is no 
evidence of resistance being linked with undesirable characters since the segregation 
in the second backcross generation is a very good fitto a 1:1. 


4. FAMILIES DERIVED FROM H 2 


The seed from clone C.P.C. 1690 selfed, which was given to the Plant Breeding 
Institute by the Commonwealth Potato Collection, had a very low germination, and 
it was only possible to obtain four seedlings (family H 2). All four seedlings were 
found to be resistant. 


TABLE 2. FAMILIES FROM H2 


5 Family Type of Segregation 
GL No. Baren test! __Resistant:Susceptible 

B 2 C.P.C. 1690 selfed | 1e 4:0 

F, NED H 2/1 X Cl. 650 € 35825 

F, Y42 H 2/4 Xx CI. 650 G 1316 

F, Y6 H 2/2 x Ulster Knight G 46:5 

F, Y 58 H 2/2 x CI. 650 lj 231:83 

B, X38 4 X59 | 78/7° X Y 6/39 T 8:10 

B, X 51 Y 5/22 x Ulster Knight T° 2:6 

B, X 52 Y 5/22 x Cl. A 99% T 4:2 

B, X 58 Arran Pilot X Y 6/39 18 5:10 

B, X 60 Pentland Ace X Y 6/39 úk 153 
Total B, T | 20:31 


1 Type of test as in Table 1. 

2 78/7 —a blight-resistant seedling bred from Solanum demissum. 

3 Cl. A 99 — a pollen fertile seedling from the cross Bloomers Xx Cl. 650, bred by Mr. JOHN CLARKE 
(breeder of the Ulster Series of varieties) 


Two seedlings in family H2 appear to be simplex for a dominant gene for resistance 
(Table 2), but a third seedling, H2/2, may be duplex. The first family from H2/2, ei. 
family Y6 of Table 2, has apparently a 5: 1 ratio such as would be expected in an auto- 
tetraploid and such as have been found by ToxoPEus and HUIJSMAN (10) and 
HUIJSMAN (7) for crosses of plants duplex for H with susceptibles. Because there 
was some doubt as to how accurate the cuttings tests were and because the number of 
seedlings in family Y6 was small, a further family (Y58 of Table 2) was raised from 
a cross between H2/2 and a susceptible. This family was tested for resistance by 
growing tubers from the seedling generation in pots of infested soil. As is shown in 
Table 2, family Y 58 did not give a 5:1 ratio for resistance: susceptibility, but instead 
gave a 3:1 ratio. There appeared to be no reason for doubting that this was a correct 
result. The obvious explanation of the segregation in family Y58 would be that H2/2 
is simplex, and that the seed was the result of selfing and not of crossing. There was, 
however, no indication that this was so since the plants resembled other F, andigenum 
x tuberosum seedlings and not selfed andigenum seedlings. In addition no berries 
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have been obtained from selfing H2/2. It should also be noted that CADMAN (1) 


‚obtained 3: 1 and 15:1, and not 5:1 and 35:1 ratios for the factor Nx in crosses with 


aulliplex and from selfed seed respectively when using the variety Cardinal which 
appears to be duplex for Nx. CADMAN’S results for Cardinal crosses are also similar to 
those obtained for H2/2 in another respect. Thus in one family from Cardinal crossed 
with a nulliplex an apparent 5:1 ratio was obtained (actually 74:12) whereas in 
another family a 3:1 ratio was obtained (actually 70:26). This is also what was found 
for H2/2, an apparent 5: 1 ratio in family Y6 and an apparent 3:1 ratio in family Y58 
(see Table 2). 

The seedlings of the first backcross generation (families X38, X59, X51, X52, X58 
and X60), which were tested for resistance, were selections made for high yield and 
other desirable characters. This accounts for the small numbers tested. The ratio of 20 
resistant: 31 susceptible is a fair fit for a 1: 1 (P — about 0.10). There is thus again no 
indication that undesirable agricultural characters are linked with resistance. 


5. DISCUSSION 


The results given in the previous two sections show that the resistance to root- 
eelworm of clone C.P.C. 1690 is due to a single dominant factor as it is for clones 
C.P.C. 1673 and C.P.C. 1685 (HUIJSMAN, 7). It is possible that all three clones contain 
the same factor. This is suggested first by the fact that they all have the same type of 
resistance, i.e. they produce an active diffusate, and larval invasion occurs to about 
the same extent as in susceptible varieties, but few or no female larvae develop to 
produce new cysts (JONES, 8; WILLIAMS, 11). Secondly material bred from all three 
clones is susceptible to the “resistance-breaking” type of eelworm (DUNNETT, 2; 
Jones, 9). On the other hand the three clones differ in the percentage of seedlings 
produced in crosses which have a few cysts on their roots when planted in infested 
soil. This percentage is lowest in progenies from C.P.C. 1673 and highest from C.P.C. 
1685, clone C.P.C. 1690 being intermediate. These differences between clones may, of 
course, be due to modifying factors rather than to differences in the single dominant 
factor itself. 

No genetical results have yet been published for the other two andigenum clones, 
C.P.C. 1595 and C.P.C. 1692. It would, however, appear from a few results obtained 
at Cambridge that the resistance of clone C.P.C. 1692 is not due to a single dominant 
factor. 


SUMMARY 


Resistance to potato root eelworm, Heterodera rostochiensis, in Solanum tuberosum 
subsp. andigenum clone C.P.C. 1690 is due to a single dominant factor as it ís in clones 
CP-C. 1673 and C.P.C. 1685. 


SAMENVATTING 


De erfelijkheid van de resistentie tegen het aardappel-cystenaaltje in Solanum tuberosum 
subs. andigenum, kloon C.P.C. 1690 


De resistentie tegen het aardappelcysten-aaltje, Heterodera rostochiensis, in Solanum 
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tuberosum subsp. andigenum, kloon C.P.C. 1690 berust op één gen, zoals dit cok het 
geval is met de klonen C.P.C. 1673 en C.P.C. 1685. 
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1. INTRODUCTION 


The word adaptation has a great adaptability. This quality is its strong but at the 
same time its weak side. 

It is a pleasant word which often affords a speaker or a writer the opportunity to 
adapt himself to his audience or his readers. But it is also a dangerous word since by 
the vagueness it is often immaterial which conception is meant. And what is even 
worse is that it is sometimes introduced when there is no clear conception at all. 

I will not make an attempt to explain in detail in what meanings the word adaptation 
is sometimes used. In that case I could start with a tailor and finish with a philosopher 
of nature who holds the opinion that the higher organized creatures have developed 
from a single living cell, at which a critic could make the sober remark: “All that lives 
is adapted for otherwise it were dead.” Another critic might reply to that proposition: 
“It is adapted since it has become adapted.” And by that it would be designated that 
the word adaptation can be conceived of as being both static and dynamic, an 
established state and a changing state, a situation and a process. For it makes all the 
difference whether “something does fit in. or does not fit in by accident” or whether it 
“actively adapts itself to given conditions”. 

In the agricultural literature and more particularly in proceedings on plant breeding 
the word adaptation is frequently used (Dorst, 1). Therefore it seemed worth while 
to view through the spectacles of a plant breeder a problem which has so often been 
discussed by biologists. 


2. ADAPTATION OF NATURAL PLANT ASSOCIATIONS 


In places where man does not or slightly interfere, vegetation is mainly determined. 
by soil and climate. In this process the climate has a double function since it influences 
both the formation and quality of the soil and also the vegetation. directly. Animals 
are directly or indirectly dependent on the vegetation. The plant produces, the animal 
consumes. The herbivorous animals can be of great importance in this respect, 
particularly when a lack of food arises. In the case of a wide diversity of forms, animals, 
by their preference to certain plant species, can exert a selecting influence, as a result 
of which the plant association as a whole need not change its character, but by which 
the number of certain plants may change greatly. Thus we can observe the develop- 
ment of plant associations which are entirely adapted to the milieu. And so it is said 
that a certain plant association is the indicator for given conditions of climate and soil. 

Such a plant association which fascinates us by its diversity in forms and colours 
and which looks so peaceful, is a quiet but cruel battleground. In the soil the roots 
fight for moisture and food; above ground there is a struggle for light. This causes a 
very sensitive equilibrium between the components and a slight disturbance or break- 
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down of the balance has immediate consequences for the composition of this com- 
prehensive community. And there, where apparently conditions have been similar 
for many years, changes are bound to occur owing to the plant association itself. For 
instance, by the accumulation of dead plant material the soil may change gradually 
and the plant association may adapt itself gradually to that condition. This process 
can be seen completed in shallow freshwater pools. It is characteristic that a plant 
association prepares the way for a new one and by that digs its own grave. 


3. ADAPTATION OF GRASSLAND PLANTS 


Our grasslands are least different from a natural vegetation. In most cases the 
grassland farmer utilizes an association which as it were has been offered to him by 
nature. A better drainage system, better dressings and more judicious use has resulted 
in a shift to better grass species, while undesired species have been pushed in the 
background. The vegetation has adapted itself to better cultural methods and the 
farmer finds his reward in a higher yield and better quality. 

From the angle of the plant breeder this is a remarkable process. For while in the 
case of wheat, oats, flax, in short with all crops that are liable to lodging, nitrogen 
dressings and with these also the yields were enhanced after the breeder has raised new 
and firm varieties, this improvement has been “delegated’” to nature in the case of 
grasslands. Is this improvement entirely successful or only partly? 

I do not venture to answer this question. But Ì am certainly of the opinion that this 
favourable adaptation can easily lead to the wrong idea that an improvement of our 
permanent pastures by means of breeding procedures would be of little significance. 

Of late years, a new element has come to the fore in the case of botanical research 
of grasslands. It has appeared that within every botanical species there is a wide 
diversity of forms. When for example a large number of plants of Perennial ryegrass 
are collected, a wide range of types can be distinguished. On the one side there are 
the little-tillering, rapidly-bolting, long-stemmed forms, on the other side the short- 
stemmed, heavily-tillering, late-bolting types; the former usually have a shorter life- 
time and not so good an aftermath growth after mowing or grazing. In between there 
are all sorts of transitional stages. The high and early types are especially encountered 
in pastures that are mostly held for hay production. The late flowering, low varieties 
in pastures are frequently or always grazed. That is, not only their composition as to 
botanical species changes according to new conditions, but also the types or forms 
suited to the new conditions afford a botanical species to adapt itself to a new 
environment. 

In connection with the foregoing remarks 1 may mention here that the breeder of 
new grass varieties is faced with difficulties unknown to the breeder of other field 
crops. When for instance a potato or wheat breeder has obtained some promising 
clones or lines he can compare them with each other and with existing varieties under 
conditions prevailing in practice. But a grass breeder who grows his new selections 
in monoculture and then chooses the best-looking strains, is liable to find they are 
the poorest when his newly selected strains are sown in a mixture where they have to 
compete with other types or other botanical species. In this struggle the new strain 
may be destroyed, but it is also possible that it conquers a large part of the turf. And 
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when this happens at the expense of other valuable grasses it is doubtful whether the 
ultimate result is successful. 

Furthermore there is the question whether a breeder should try to find a strain 
which is closely restricted in its properties or which has a wider scope, in order not to 
lessen the adaptability of our pastures. For in general the changes in environment of 
grasslands are much more frequent and radical than those of field crops. Permanent 
pastures should be able to cope with severe and mild winters as well as with dry and 
wet summers; they are grazed and then mown, again mown and grazed afterwards, 
sometimes mown very early or late for grass drying or ensilage. They are grazed by 
milk cattle, young cattle, horses and sheep, when dry and under very moist conditions. 
Greatly different therefore from our potatoes, beet, cereäls etc, which during growth 
are not exposed to all sorts of ill-treatments. A new grass strain is therefore supposed to 
be adapted to the other grassland components in order to help bring about the adapt- 
ability to the complicated plant association which will ultimately give the best results. 


4. ADAPTATION OF LAND RACES AND OTHER POPULATIONS OF FIELD CROPS 


In the case of field crops as a rule only one crop is grown and every farmer is proud 
that his field is free from weeds. These monocultures are quite different from natural 
plant associations. Di crops would not be able to maintain themselves without 
the help of man. 

Formerly much use was made of existing populations, the so-called local varieties. 
When people moved to other regions they carried their seeds with them in order to 
sow them again in the new region. When for instance a wheat variety of the Northern 
Hemisphere was taken to more northerly regions the cold-susceptible forms gradually 
disappeared in the populations. The cold-resistant genotypes on the contrary remained 
and in this way a local variety was developed which could stand the severe winters 
better. However, at the same time other factors had changed, factors in which certain 
cultural methods and natural enemies may have played a part. 

It is generally accepted that these local varieties in a certain area were ee to 
soil, climate and cultivation, and to such an extent that they remained constant for 
many centuries. The farmers considered them as gifts from Nature, as presents from 
God and it is understandable that many stubbornly kept to these old varieties even 
when new, so-called improved varieties were put on the market. But eventually many 
of these local varieties have had to make place for improved varieties. 

Generally the local varieties were reported to be very reliable, in the sense that they 
were fairly constant in their yield. It is also said that the local varieties have a great 
adaptability, which can be explained in the following way: A local variety is a popu- 
lation ; some genotypes will require more moisture, others will withstand more warmth 
and drought. A number of them will be sensitive to cold winters, others will be able to 
stand them. Part will resist a given disease but be susceptible to another, etc. There- 
fore, under all the conditions prevailing in a region, on the farm and in a particular 
year, there will be a number of plants which compensate more or less for the plants 
that do not come to full advantage. The next year other genotypes will take over this 
role. Even DARWIN, in his time, told us that a mixture of wheat varieties gives higher 
yields than a single variety. 
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This form of adaptation, or rather compensation, has constantly influenced the 
breeders. About half a century ago the late Prof. L. BROEKEMA purposely added 
several lines together in developing his famous Wilhelmina wheat because he was 
afraid to put all his eggs in one basket. However, the successes of Svalöf and the pure 
lines of JOHANNSEN seemed to prove that this procedure is not the best and in the case 
of self-fertilizing plants, the variety composed of iso-homozygotes is often considered 
the ideal. 

From my own. observations in flax, however, I considered drawing the conclusion 
that the opinion of Prof. L. BROEKEMA was correct after all and at the defence 
of my thesis in 1924 1 was prepared to be questioned on my first proposition which 
pleaded for an artificial composition of populations. But at the harvest of 1924 and 
following years the pure line C 22, later called Concurrent, left the other lines 
and varieties of fibre flax behind with great differences and 1 could not mix it with 
other lines. If we had not discovered this line IT would probably have attempted to 
raise a better flax variety in quite a different way. 


JN ADAPTATION OF VARIETIES OF SELF FERTILIZERS AND VEGETATIVELY PROPAGATED 
PLANTS 


While in the foregoing sections I had always in mind a vegetation consisting of an 
association of widely divergent botanical species or of a wide diversity of genotypes I 
will now consider crops of which all or almost all plants belong to one genotype. 
These are found in most of the improved varieties of self-fertilizing plants and in the 
vegetatively propagated plants (potatoes, etc.). Also in these crops there is a greater 
or smaller adaptability. The Dutch potato variety Eigenheimer is said to have a great 
adaptability. It can be successfully grown on all types of soil and it has become popular 
even far beyond our frontiers. Similarly, varieties are known among self-fertilizing 
plants. Plant sociologists sometimes call it a large ecological span or amplitude, but in 
the agricultural literature this expression has not managed to supersede the word 
adaptability. 

Many varieties give the best results on certain types of soil and therefore the 
question arises whether the breeding establishments are efficiently distributed over 
the different soils. 


6. ADAPTATION OF WEEDS 


In the case of weeds, which till now have not been so closely studied, very remarkable 
adaptations are encountered. By 1933 when I discovered that the old Frisian white- 
flowering flax had almost entirely disappeared I managed with some difficulty to find a 
farmer who had grown this old local variety for many years. In a seed sample occurred 
a fair amount of grass seeds, viz. darnel (Lolium remotum SCHRANK). I had the seed 
cleaned and at first paid little attention to this admixture. But in following years 
Lolium remotum returned again and again “with dogged perseverance”’. The plants had 
about the same length as the flax or they were somewhat shorter; they had very few 
and narrow leaves as a result of which they were little conspicuous; and they matured 
at the same time as the flax. Owing to their form, size and specific gravity it was 
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difficult to separate by sieving and fanning the little fruits from the linseed. It can be 


„concluded that this weed is entirely adapted to the growth-rhythm of the flax plant, 


to the methods of cultivation, to the way of harvesting and to the processing of the 
seed. 

In Der Züchter of 1946 ROTHMALER wrote an article maintaining that various 
botanical species which are known. as specific flax weeds have developed from other 
botanical species within the flax fields. A similar process has been witnessed in the 
case of wild oats, Avena fatua, which occurs às a weed in cereals. These observations. 
support the assumption that our cultivated rye started its career as a weed in wheat. 

In this connection it may be mentioned that every farmer knows from experience. 
that any crop has its own obnoxious weeds and that, when a field is allowed to run 
wild for some time after the harvest, the weed vegetation is different according to the. 
preceding crop. However, in as far as this might be called adaptation, there is a great 


difference indeed with Lolium remotum, in which case man sows the weeds together 


with the linseed and harvests it together with this flax. The weed is as it were associated. 
with the cultivated plant. 


7. ADAPTATION BY THE CAPACITY OF MODIFICATION 


If plants are compared to higher organized animals, it is striking that amongst 
plants there are greater differences than amongst grown-up animals. Under favourable 
zonditions a wheat plant can easily produce 20 to 30 culms with 1,000 to 1,500 
kernels, but another plant of the same variety may produce a single slender earlet 
with some 10 to 15 kernels. A potato plant which appears as a “ground keeper” in a 
grain crop produces only one or two little tubers of some 10 to 20 grams, but another 
plant may give a yield of 2 to 3 kg. However, cows or horses of a tenth of or ten times 
the normal weight are impossible. The plant has a great adaptability, not only to 
remain alive, but also to look after its continuance. It is this ability to modification 
that the farmer utilizes thankfully. He endeavours to use this quality by all sorts of 
cultural measures. But as varieties response differently, some have particular needs 
regarding sowing time, dressing, etc. to give the best results. The farmer has to 
adapt his procedure to the variety he chooses. 

For completeness’ sake I would like to point to some other processes. Gardeners 
who want to carry their glasshouse-plants outside will harden these plants and adapt 
them to the new milieu in order to make the transition as gradual as possible. And 
plants whose main stem is damaged often “‘delegate” the stem function to a side 
branch. However, in the latter case the word adaptation is less often used. 


8. ADAPTATION OF PARASITES AND MICRO-ORGANISMS 


The word adaptation adopts a quite different meaning when parasites of vegetative 
or animal origin are concerned or when organisms are considered which live in sym- 


biosis with their host plants. Some enemies such as Heterodera-species are extremely 
polyphagous. Heterodera Schachtii attacks all known varieties of sugar beet and 


fodder beet; also other Chenopodiaceae and many Crucifereae. This is the explanation 
why in some districts a beet sickness may occur, in spite of a very restricted cultivation 
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of beet. Heterodera has found there a favourable substratum for its multiplication, 
viz. Sinapis arvensis. 

Contrarily in the case of many fungi there is a strong specialization. For instance 
many races are known of the species Puccinia and Ustilago. Some of them only attack 
some wheat varieties and leave others unaffected. We were therefore much surprised 
to find loose smut in the Triticales that had 56 chromosomes and had been developed. 
by crossing ordinary wheat and rye followed by colchicine treatment. The smut 
appeared to be quite similar to the ordinary loose smut in wheat. 

The Triticales should be considered as entirely new plants, a mixture as it were of 
the two genera Triticum and Secale and in this case it is not justified to say that the 
parasite has had plenty of time to adapt itself. This attack seems to be quite common 
for the pur sang geneticist, for along with the wheat chromosomes the genes which are 
to be held responsible for the susceptibility will have been transferred. However, from 
a physiological viewpoint 1 consider this very remarkable. The physiological races 
of Ustilago are so particulair that small differences between wheat varieties are 
already decisive for a potential attack. And in the case of Triticales, Ustilago has to 
live in a milieu where wheat-and rye-qualities are thoroughly mixed. 

It should be added that Triticales can also be heavily attacked by ergot, the well- 
known enemy of rye. Though resistance to loose smut and ergot could be expected, 
the Triticales have inherited the short-comings of both parents. We hope to be able 
to combine the favourable properties of wheat and rye into one plant. 

À study of the nodules of our leguminous crops has taught us that there is a much 
more thorough specialization than it was thought at first. And when this specialization 
would run parallel with that which can be established in the case of rusts and loose 
smut, the breeder of lupins, peas and other leguminous plants would be faced with the 
problem that new varieties require certain cultures of Rhizobium radicicola in order 
to come to full advantage. It seems not excluded that in the future the breeder of new 
varieties of leguminous crops will have to include two organisms in his breeding work 
viz. the crop and the bacteria, since these work in close cooperation. 


9, THE CONCEPT OF ADAPTATION 


In the case of the development of new plant associations, the shifts in pasture 
vegetations and the origin of local varieties, 1 have entirely adopted the Darwinian 
standpoint. Here the following conceptions hold good: Struggle for existence, survival 
of the fittest and natural selection. The principle is therefore that there are different 
genotypes so that Nature can sieve, can select. But selection may take place in many 
different ways. 

A wheat plant which is killed by frost disappears altogether. An alkaloid-free 
lupine plants which is grazed by wild animals, while the bitter plants remain, has no 
chance to maintain its position. But when given unfavourable circumstances influence 
one plant more than others this need not result in death. This will cause a gradual 
shift. And when conditions improve, one plant will profit more than another so that 
one will SO supersede the other. In a dense vegetation the situation is such that 
every plant is “on the alert” to use its chances to advantage. 

Natural selection was constantly brought to the fore by DARWIN. Among other 
things he expressed it as follows: “Natural Selection is a power incessantly ready for 
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action, and is as immeasurably superior to man’s feeble efforts, as the works of Nature 
are to those of Art.” 

Adaptation through natural selection is therefore characterized by the disappearance 
of certain forms and the introduction and distribution of new forms and existing ones. 
Thus there is a development in a certain direction whereby old forms are entirely or 
partly destroyed. 

When the constancy of old local varieties was discussed the word adaptation was 
used in another sense. Over a long series of years conditions fluctuate around an 
average, but greater or smaller differences occur from year to year. Also in this case 
there is a competition between the plants of a crop, as a result of which in one year 
certain genotypes have advantages and others in following years. This will cause little 
shifts to take place constantly, without elimination of certain genotypes. But there is 
a tendency to return to a given average again and again. 

The same holds for a grassland which has once reached a certain balance. In severe 
winters many individual plants of Perennial ryegrass will disappear and be substituted 
by other species; in dry summers white clover will come to the fore, at the expense of 
the grasses. One botanical species for a longer or shorter time plays the part of another, 
or a given form of one botanical species replaces another form. This is the reason why 
grassland can give a reasonable yield under widely different treatments. So here again 
there is a certain elasticity, a certain adaptability. 

In varieties consisting of one genotype there is no constant difference in response 
between the individual plants and this excludes at the same time the possibility 
of selection adopted by geneticists. It includes therefore a wide range of potentialities 
within the same genotype. For a breeder it is always the ambition to combine this large 
ecological amplitude with as many other favourable qualities as possible. 

Where I have pointed to the great differences in development between the plants of 
one genotype I had in mind the great ability of modification in regard to various pro- 
perties. This is very important also in other types of adaptation. On the one hand it 
enables a strong development and a large increase under favourable conditions, on the 
other it affords the plant an opportunity to keep its ground under adverse conditions 
and to give it some time to wait for better circumstances. 

As a last example I chose the relation of the higher organized plant to parasites and 
to micro-organisms living in symbiosis. Also in this case 1 have used the word adap- 
tation. But in contradistinction to the foregoing where the word suggested a movability 
or amplification, it embraces here a certain rigidity or restriction. Some parasites can 
only live on certain plant species and there are many examples where parasites did. 
attack some varieties but not or only few others of the same botanical species. This 
affords breeders an opportunity to raise immune or resistant varieties and both in 
plant breeding and in phytopathology the breeding for resistance has increasingly 
come to the fore of late years. The breeder should always bear in mind that new 
physiological races may attack his new creation which at first seemed immune. 

Now we have gradually come to a quite different field. It is generally believed that 
entirely new genotypes can emerge by crossing and mutation. This holds for both 
lower and higher organized creatures. And it means chances of new adaptation- 
possibilities. For organisms which are our adversaries it involves new dangers; for 
our supporters (partners) it means perhaps new advantages. 
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Adaptation of populations is the result of a shift in the collective genotype. After 
multiplication some genotypes will come to the fore, others will decrease in number 
or even disappear. 

Adaptation of iso-homozygotes (pure lines of self-fertilizing plants) or of clones 
(e.g. potato varieties) is based on the ability of the phenotype to be modified, there- 
fore on the physiological response of the genotype on the milieu. Apart from spo- 
radically occurring mutants, spontaneous cross pollination with other genotypes 
or admixtures (with other genotypes), the environment does not affect the genotype 
of iso-homozygotes or clones. 

This adaptation, as a consequence of the ability of modification of course also holds 
for populations of cultivated plants. The same principle is valid for parasites and 
micro-organisms. The breeder therefore should strive after the creation of genotypes 
that prevent the adaptation of parasites. In the case of leguminous crops, however, he 
should attempt to develop genotypes that profit from symbiosis with useful root 
bacteria. 

In all breeding procedures the adaptability of the selections will be of the utmost 
importance. The breeder will try to get a clear perception of the adaptability of his 
selections and on these grounds he will choose his selections for inclusien in trials 
set op for cultural value. 


SAMENVATTING 


Aanpassing van populaties is het gevolg van een verschuiving in het collectief 
genotype. Bepaalde genotypen zullen bij de vermeerdering op de voorgrond treden, 
andere zullen in aantal verminderen of verdwijnen. 

Aanpassing van iso-homozygoten (zuivere lijnen van zelf bevruchters) of van klonen 
(bijv. aardappelrassen) berust op de modificeerbaarheid van het phaenotype, dus op de 
physiologische reactie van het genotype op de uitwendige omstandigheden. Afgezien 
van sporadisch optredende mutanten, spontane kruisbestuiving met andere genotypen 
of vermenging met andere genotypen, geeft het milieu geen verandering in het genotype 
van iso-homozygoten of klonen. 

Deze aanpassing als gevolg van de modificeerbaarheid van het phaenotype geldt 
vanzelfsprekend ook voor de cultuurgewassen die uit een populatie bestaan. 

Ook voor parasieten en micro-organismen geldt hetzelfde. De kweker zal streven 
naar genotypen van cultuurplanten, waarbij de parasieten zich niet kunnen aanpassen, 
terwijl hij bij vlinderbloemigen genotypen zal trachten op te sporen die van de sym- 
biose met nuttige wortelbacteriën profijt kunnen trekken. 

Bij alle veredelingswerk zal het aanpassingsvermogen van de selecties van grote 
betekenis zijn. De kweker moet er naar streven een inzicht te krijgen in het aanpassings- 
vermogen van zijn selecties en op grond daarvan bepaalde selecties voor de proef- 
nemingen op cultuurwaarde uitkiezen. 
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INTRODUCTION 


Greece, with its privileged and brilliantly historical and cultural heritage, continues 
to be an underdeveloped country in most aspects of agriculture. 

According to the statistical data of the F.A.O. it ranks last of the 14 members of the 
O.E.E.C. in regard to its agricultural production per capita and per unit of cultivated 
area. The output does not satisfy the needs of the present population (estimated at 
8,250,000 and an annual increase of about 107,250. 

Although Greece produced 71 % of the wheat needed and 88 % of the meat, the 
total food consumption of the population in 1951/52 was worse than in pre-war years. 
In 1953, 73.23 % of the total agricultural revenue was contributed by agricultural 
crops and the remainder by live stock (in the U.S.A. agricultural crops goeibuter 
51.83 % and the live stock 48.17 % of the total, in 1951). 


The conservation of soil productivity is also inadequate, since mostly soil-depleting 
crops are grown. These crops also leave the soil without efficient protection. 

In 1939 cereals, tobacco, cotton, potatoes and other soil-exausting crops occupied 
91.28 % of the total area under cultivation and leguminous crops and other soil- 
enriching plants took only 8.72 %. The soil is poor and is continuously depleted also 
because of inadequate rotation. The land is hilly and rocky, with only 7.42 % flat 
(against 37 % in the U.S.A). Moreover there is a seasonal and irregular distribution 
of rain, which each year sweeps and carries away the top soil of some 10,000 ha. This 
considerable waste of “irreplaceable resources’ diminishes continuously the produc- 
tion capacity of the Hellenic Nation. The animals are ill-nourished and their production 
is low and of inferior quality. Many areas are overgrazed and even forests are destroyed 
by hungry grazing animals. 

The population therefore cannot ensure a convenient living and thus it impairs the 
general ecological equilibrium. It restricts the development of the vital cycle earth- 
plant-animal-man-earth. 


THE HELLENIC AGRICULTURAL RESEARCH STATION AT LARISSA AND ITS TASK 


After the severe drought of 1932 the Government was thoroughly convinced of the 
necessity of improving agricultural conditions. Therefore it established the Hellenic 
Agricultural Research Station at Larissa, with the object to further the general 
agricultural improvement of Greece (1, 2, 3). 

The Station began to function on February 28 th, 1933, so that it has now served 


Greek agriculture for nearly 25 years (Fig. I). 
One of the principal objectives of the Station is assessing and screening of local and 
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foreign plant material. A total of 3,553 different varieties and strains covering over 
60 species from 30 countries have been collected till February 1953 (Figs. 2 and 3). 

The countries from which material has been introduced are the following (with 
indication of the number of varieties or strains between brackets): U.S.A. (972), 
Australia (301), Germany (229), Italy (225), Canada (120), France (117), Hungary 
(102), Russia (95), India (35) and others. 

The material imported comprised 1954 strains of annuals including peas (259), 
broad beans (118), chick-peas (109), lentils (87), vetches (79), lathyrus (69), field beans 
(621), soybeans (347), cowpeas (146), peanuts (29), etc. 

In the annual spring cereals 185 varieties of sorghum have been included. 

The annual and perennial fodder legumes included 594 varieties among which were 
Medicago sativa (171), Melilotus (18), Trifolium subterraneum (27), T. incarnatum (25), 
T. pratense (25), T. repens (22), T. alexandrinum (14), Lotus corniculatus, Onobrychis, 
Hedysarum coronarium, etc. 

The grasses were represented by 471 strains, of which the most important are: 
Bromus (63), Festuca (55), Lolium (49), Agropyrum (34), Dactylis glomerata (26), 
Phalaris tuberosa (10), Eragrostis (13), Oryzopsis, burnet and others. 

Besides the introduction of material, the quantity and quality of the total stock has 
been enriched with new material derived from breeding work. Many crosses have been 
made for the creation of strains with better adaptability and productivity under the 
different conditions of the country. In this way have been produced: lathyrus L. 92; 
lentil F.L; the vetches Bi-22, Bi-45, Bi-55, Bi-60, Bi-64, Bi-65; the chick-peas E-88, 
E-99 and E-100; the broadbean Ku-128; the bitter vetch 0-4 and others which are 
still in the stage of “breeder’s”, “foundation” or “registered” seed. 


RESULTS OF THE STATIONS ACTIVITIES 


Summarizing, the most important contributions are the following: 

|. The introduction and distribution of annual legumes for seed or hay production, 
with higher and more reliable yields, with the possibility to be sown in autumn, with 
greater resistance to cold, to drought and to diseases and with much better adaptability. 
For instance, the improved vetch variety Bi-22 yielded 1,243 kg seed per ha over a 
certain period of years, against 496 kg of the local vetch; the improved lathyrus L 92 
gave 1,523 kg seed per ha against 75 kg/ha when the local vetch was spring-sown. 

Thanks to this genetic superiority of the varieties the area under legumes has 
increased from 68,070 ha in 1929 to 228,707 in 1954, i.e. more than three times. 


2. The new varieties of chick-peas proved to have a combined resistance to cold, 
drought; and to the fungus Ascochyta which used to decimate the yield of the local 
varieties (Fig. 4). For example the improved variety yielded 1,123 kg/ha in Larissa 
over a period of 4 years, against the local variety with 68 kg/ha. In Ptolemais where 
the local variety did not give a yield at all because of its sensitivity to cold and Asco- 
chyta, the improved variety of chick-peas yielded 1,965 kg/ha. 


3. The introduction of superior varieties of field beans, in particular of the American 
variety Great Northern, which in most counties yields much better than the local 
varieties. | 
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Fro. 1. BUILDINGS OF THE HELLENIC AGRICULTURAL RESEARCH STATION AT LARISSA 


Fig. 2. VIEW OF CENTRAL EXPERIMENTAL FIELDS AT LARISSA 
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FIG. 4. SUPERIORITY OF THE BRED VARIETY OF CHICK-PEA E-99, IN COMPARISON WITH THE 
LOCAL VARIETY E-68, WHICH IS SUSCEPTIBLE TO ASCOCHYTA 
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4. The introduction of productive varieties of soybeans, which in the zone of mais 


under favourable conditions can yield to 2,500 kg/ha. Among them are the varieties: 


Ronoke, Jackson, Lincoln, Habaro, Ogden, Hawkeye, Peking, Laredo and others. 
By growing these varieties it should be possible to increase the production of proteins, 
oil and other nutrients, which are indispensable for improving the diet of the popula- 
tion. 


5. The introduction of Berseem clover, an excellent fodder plant, for the South and 
also for the North East of Greece under warm and irrigated conditions. 


6. The introduction of better varieties of lucerne which are more productive than 
the local ones. Among them are U.S.D.A. African, the Pannonish lucerne of Hungary, 
the Talent of Oregon, and the Altfränkische lucerne type “Frankenwarte” produced 
in “Mainfranken” of Germany. By using these new varieties and by improving the 
cultivation of lucerne according to the directions of the Station, the area under 
lucerne has been increased from 7,748.1 ha in 1929 to 44,219.9 ha in 1956, an increase 
of 470.72 %. These excellent results are due also to the interest given to this crop by 
the Ministry of Agriculture. 


7. The introduction of legumes and grasses that are suitable for the establishment 
and improvement of pastures. They include burnet, hardingrass, birdsfoot trefoil, 
sweet clovers, crimson clover, berseem clover, subclover, rose clover, fescue, Oryzopsis, 
Ehrharta calycina, etc. convenient for the improvement of the pastures and range 
areas and the establishment of grasslands. 


CONCLUSIONS 

Concluding it can be said that on the basis of the principles of genetics and plant 
breeding it has been possible to select forms and types with “superior” germ plasm. 
With this material it will be possible to reorganize the utilization of the natural 
resources and enable the production of food in complete satisfaction of the needs of 
the population. They will form a constant basis for the further improvement of the 
living standard of Greece. 


An increase in the efficiency of food production would enable more people to be 
employed in industry. This would raise the general level of the population and give 
them an opportunity to take more interest in arts and sciences. In this way the Greek 
people could again follow its historical path of eminence. 


SUMMARY 


In 1933 the Government established the Hellenic Agricultural Research Station. 
Numerous species, varieties and strains from other countries were introduced and 
evaluated. After screening the material many crosses were made and the derivatives 
were tested and later distributed to farmers. The new accessions exceeded the old 
local strains by far and this has stimulated the increase of growing areas. Many 
figures are mentioned pertaining to this development. 
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Introductie en veredeling van voedergewassen in Griekenland 


Volgens gegevens van de F.A.O. heeft Griekenland als lid van de O.E.E.C. de 
laagste productie-cijfers in de landbouw. 

Dit is het gevolg van te kleine oppervlakte cultuurgrond die van nature bovendien 
arm is en bebouwd wordt met onproductieve rassen. Slechts 7 % van het land is vlak 
en bebouwbaar te maken daar de rest heuvelachtig is of uit rotsen bestaat en door een 
onregelmatige verdeling van regen ten prooi valt van erosie. 

In 1933 stichtte de Griekse regering het Helleense Landbouwproefstation te Larissa. 
Uit vele landen werden talrijke nieuwe soorten, rassen en selecties van voedergewassen 
ingevoerd en op hun waarde getoetst. Na schifting van het materiaal werden vele 
kruisingen gemaakt en de daaruit verkregen rassen werden uitgegeven aan de praktijk. 

De nieuwe aanwinsten zijn veel productiever dan de oude landrassen en dit stimu- 
leerde het in gebruik nemen van nieuwe teeltgebieden. Er worden vele cijfers genoemd 
die een beeld geven van deze ontwikkeling. 
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SAKAI, KAN-IcH1, Science of plant breeding. Tokyo. 1952, 342 pp. (in Japanese). 


SÁNCHEZ-MONGE, ENRIQUE, Fitogenética (Mejora de Plantas). Salvat Editores, S. A. Barcelona- 
Madrid. 1955, 511 pp., 91 figs. 
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BOOKS DEALING WITH PLANT BREEDING 
SCHEIBE, A., Einführung in die Allgemeine Pflanzenzüchtung. Eugen Ulmer, Stuttgart. 1951, 475 pp., 
122 fig. 


SCHIEMANN, E., Enstehung der Kulturpflanzen. Gebr. Bornträger, Berlin. Handbuch der Vererbungs- 
wissenschaft 3, Lief. 15, 1932, 377 pp. 96 fig. 


SCHWANITZ, F., Die Entstehung der Kulturpflanzen. Springer-Verlag, Berlin, Göttingen, Heidelberg. 
1957, 151 pp. (Sammlung Verstandliche Wissenschaft 63). 


SENGBUSCH, R. voN, Theorie und Praxis der Pflanzenzüchtung. Societäts-Verlag, Frankfurt a.M. 
1939, 127 pp, 35 fig. 


Symposium on Genetics and Plant Breeding in South East Asia. New Delhi, India. 1957. 


VAvILOv, N. L., The origin, variation, immunity and breeding of cultivated plants (Translated from 
the Russian by K. STARR CHESTER). Chronica Botanica 13, no 1-6, 1949-1950, 364 pp., 37 fig. 


WELLENSIEK, S. J., e.a., Grondslagen der algemene plantenveredeling. H. D. Tjeenk Willink & Zoon, 
Haarlem. 1947, 541 pp., 90 fig. 


Yearbook of Agriculture. Washington. 1936 (1189 pp.), 1937 (1487 pp.). 
The foregoing survey of books dealing with plant breeding is a revision of the list in Euphytica 4 
(1955): 262. It is the intention to review in Euphytica new books that have been submitted for criticism 


to the editing committee. 


The present survey of books will be revised in the third issue of Euphytica 8 (1959). The writer 
will then gladly account for remarks or commentary which will be brought to his attention. 
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EUPHYTICA, NETHERLANDS JOURNAL 
OF PLANT BREEDING 


H. DE HAAN 
Institute of Agricultural Plant Breeding, Wageningen 
Received 5 Sept. 1957 


“May Euphytica find a soil and a climate favourable to its growth” 
Dorsr (1) 


1. THE NAME EUPHYTICA 


When a committee was formed to prepare a journal of plant breeding one of the 
first problems was to find a suitable name. 

At first the name “Heterosis” was chosen and the second meeting of the editorial 
board was held under this name (3 Oct. 1951). But since an association of technical 
staff of agriculturak and horticultural institutions at Wageningen already had this 
name, it was thought better to give the journal another name. 

An inquiry led to the following suggestions: 


Arista Phyta Journal of Plant Breeding 


Aristophytia Netherlands Journal of Plant Breeding 
Ars Meliorandi Nobilizatio 

Emendatio plantarum Phytobeltiosis 

Euphytia Phytochreiosis 

Euphytica “__Plantenveredeling 

Heterosis Semper Melius 


At the third meeting of the editorial board (4 Jan. 1952) the name Euphytica (Eu — 
good; Phyton — plant) was chosen, with a further indication of “Netherlands Journal 
of Plant Breeding”. The chairman expressed the hope that the journal would have 
a good future under this appropriate name. 


2. THE LANGUAGE 


The language to be used was a serious point of discussion. At the first conference in 
1947 it was suggested that lectures held for the Study Circle of Plant Breeding would 
be published and that the journal would be distributed in the countries covered by the 
Dutch language (The Netherlands, Overseas areas, Flanders, South-Africa and 
Indonesia). 

However, the preparatory committee in 1951 suggested that a prominent place 
should be given to fundamental research in plant breeding in the Netherlands and 
since for these subjects only a limited interest was to be expected in the countries 
where Dutch is spoken, and an ample interest in many other countries, it was decided 
to use English. 

The choice between English, French and German was not difficult. “Der Züchter” 
and the “Zeitschrift für Pflanzenzüchtung’’ were sources of information in the coun- 
tries covered by the German language, and in 1951 the French periodical “Annales 
de l’Amélioration des Plantes’ was founded (4). 
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In the United Kingdom, Canada, the U.S.A, Australia, etc. there was no special 
journal of plant breeding and so a journal in the English language would have good 
prospects in Anglo-Saxon countries. Moreover, many research-workers in other 
areas can read publications in English. 


3. NETHERLANDS JOURNAL OF PLANT BREEDING 


Although from the beginning the editorial board has intended Euphytica to be a 
journal of international standing, its main object has always been to give the Dutch 
research workers in the field of plant breeding an opportunity to publish the results 
of their work. Only in this way, i.e. by gathering articles in the same field, could the 
work on plant breeding in the Netherlands be brought to the attention of foreign 
countries. 

In the second place the work of Dutch plant breeders outside our frontiers is 
considered for publication and thirdly the inclusion of references of research work 
in plant breeding published in Dutch. 

In most issues also one or more articles by foreign workers are inserted. 

The Dutch character is evident from the inclusion of summaries in Dutch (if a 
foreign writer might not desire a Dutch summary of his article this can be left out of 
the reprint). 

The addition of “Netherlands” to the title is all the more justified since Euphytica 
is not a journal of one of the institutes but intends to give all Dutch research workers 
in plant breeding an opportunity to publish the results of their work. 


4. SURVEY OF THE SOURCES OF ARTICLES 


In connection with the foregoing statement it may be of interest to give a survey of 
the number of articles of foreign writers. 


TABLE 1. SURVEY OF THE ARTICLES IN EUPHYTICA 


Foreign Dutch 
RS manuscripts manuscripts Total 
1 1 29 30 
2 3 28 31 
3 + 23 27 
4 4 30 34 
5 3 38 41 
6 9 25 34 


From table 1 it is clear that the majority of articles are written by Dutch workers. 

Of late years institutes and. private plant breeding stations have employed more 
staff and it is obvious that young scientists will publish only after the lapse of some 
years. The editorial board is confident that also in the future Euphytica will be the 
milieu for articles of Dutch origin. 


5. THE IMPRESSION 


When founding a periodical the number of copies to be distributed is an important 
point. Originally it was suggested to make the impression 500 copies (200 paid sub- 
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scriptions, 200 specimen-copies, 100 reserve-copies). Some hundreds of the first issue 
were to be distributed in addition. After discussion, however, it was decided to have 
1,600 copies printed and 100 extra of the first issue. Until now the number of copies 
has remained the same. 


6. THE NUMBER OF PAID SUBSCRIPTIONS AND PAID BACK-NUMBERS 


Since payment of several subscription fees is sometimes postponed and, in addition, 
since the administration is not always informed as to whether or not a subscription 
should be renewed, the number of copies dispatched is only approximately a standard. 
The paid circulation gives a better idea. This is not entirely known for volume 6 (1957), 
so that we have restricted ourselves to the data of volume 1 (1952)—5 (1956). 


Stock on 
28-0-1957 
400 
Vol. 5 
380 
Vol. 4 


300 
270 vol. 3 
vol.2 
100 
vol.17 
Paid sub- 
480 600 660 726 780 scripllons 
2 Patd back 
QL ACK - 
2% ee numbers 
Fig. |. 24 30 30 
4 30 32 
THE NUMBER OF VOLUMES Ja) 2E z08 7) ne 
OF EUPHYTICA SOLD IN THE 1952 1953 1954 1955 1956 
YEARS 1952-1956 (240pp) (240pp) (240pp) (264pp)) (356pp) 
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Fig. 1 gives a survey of the paid circulation and back-numbers which were already 
paid and the reserve (stock) on 28 Aug. 1957. The method of administration makes it 
possible to ascertain the utilization of every separate volume. The reserve of the first 
volume is small (100), but the addresses are known of those who received a complete 
volume (3 numbers + contents). These institutions may be willing to complete 
Euphytica in the future. 


7. THE COST OF EUPHYTICA 


The cost of Euphytica was stated in a previous article (2). The Institute of Agricul- 
tural Plant Breeding at Wageningen has made it a task to undertake the editing and 
the administration. The journal has to pay mainly the cost of printing the 1,600 copies 
and the supply of 50 reprints of every article that are given free of charge. Furthermore 
the cost of mailing, advertising and correspondence is paid by the journal itself. For 
Volume 5 (figure 2) the cost of printing (P) can be estimated from the net revenue of 
839 subscriptions, the free reprints (R) to writers at 42 subscriptions, miscellaneous 
expenses (M) at 116 subscriptions. The total expenses amounted to the value of 997 
volumes. This can be read from the thermometer. 

The number of volumes paid (A) was 902 (780 subscriptions + 122 back numbers). 
Moreover one institute paid a publication charge and the capital has given interest; 
these together had a value of 75 volumes (B). The total income in 1956 can be estimated 
at the value of 977 volumes. 

From figure 2 (the dotted line gives the numbers of volumes paid) it can be seen 
that after a loss in 1952 Euphytica had a credit balance in 1953, 1954 and 1955. 
Augmenting the number of pages from 240 to 356 in 1956 caused a loss. 

Euphytica aims at adapting the number of pages to the number of subscriptions. 
It does not strive after gaining profits. As the number of subscriptions and back- 
numbers rises, or a publication charge is received, the number of pages will also 
increase, leaving the subscription fee as it is. 


8. THE DISTRIBUTION OF EUPHYTICA 


On mailing an issue, a survey of the distribution is made (2). In table 2 the data of 
the distribution of the second issue of Vol. 6 (1957) are surveyed. 


9. ADVERTISING 


Every periodical whose running is based on paid subscriptions needs propaganda. 
This can be done by different ways. The best way to promote a journal is to make the 
contents interesting to the readers. This is mainly dependent on the subjects treated 
and on the talents of the contributors in writing their subjects in an attractive form. 
A periodical which is appreciated and fills a need, makes propaganda by itself. 
A subscription will be deemed worth while. 

As far as Euphytica is concerned it can be established that every issue contains 
some articles supplying material for the extension of plant breeding as a science. It is 
to be expected that in the future every institute or station in the field of plant breeding 
will have a subscription to Euphytica. This also holds for private breeding firms 
where academical plant breeders are working. 
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Fig. 2. 
EXPENDITURE IN TERMS OF THE 
MEAN NET SUBSCRIPTION FEES 


Subscriptions 
neoded 


1000, 


800 


600 


400 


200 


1952 
240pp. 


1953 
240pp. 


Ld 


cost of printing 


1954 
240pD. 


1955 
264pp. 


umber ofvolumes pad … 


1956 
356pp 


ei DOT ee 


However, its influence goes even further. Research for resistance to diseases keeps 
the attention of phytopathologists, research. on polyploidy has the interest of cytolo- 
gists. Many articles contain data on physiology and heredity in cultivated plants. 
This means that Euphytica has to offer something also beyond the field of plant 


breeding. 


Particularly for the distribution in adjacent fields it is important that reprints are 
distributed by the authors or institutes (3). Of volume 5, 2,050 free reprints and 
21,900 extra reprints were delivered, of volume 6, 1,700 free and 22,400 extra 


reprints. 


Another way of giving information about the journal is that of reference lists. 
Euphytica-articles are more and more cited in other periodicals. The journal is also 
mentioned by reference journals, one of which is in the first place Plant Breeding 
Abstracts. (4). This passive propaganda increases according as Euphytica exists 
longer and gives more articles with attractive contents and form. 
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TABLE 2. DISTRIBUTION OF EUPHYTICA VOL. 6 (1957) no. 2 


Free | 
States (Abstr. Subscr. nn Dn 
Journ.) 
Europe: 
Austria 5 uf 
Belgium 18 10 
Bulgaria l 
Czechoslovakia 11 3 
Denmark 18 4 
Finland 5 4 
France 21 5 
Germany 45 21 | 
Great Britain 10 44 13 | 
Greece 2 | 
Hungary | ) | 
Iceland | l 
Italy | 28 5 | 
Norway 7 1 | 
Poland | 5 
Portugal | 3 3 
Roumania | 1 1 
Russia 2, 4 | 
Spain 4 2 | 
Sweden 8 6 
Switserland 7 4 
Turkey 3 
Yugoslavia l 6 
Africa 53 | 8 
North America: | 
Canada | 26 3 
U.S.A. | 1 97 13 
Central America 5) il 
West Indies | 4 
South America | | 19 10 | 
Australasia 19 6 
Indonesia 16 1 
Japan 14 14 | 
Ásia | 50 | 8 | 
Total foreign countries | 12 548 173 
Netherlands | 30 213 
Reserve Euphytica | 
Specimen copies 
Total vol. 6 (1957) no. 2 42 761 173 *) 
(Total vol. 4 (1955) no. 2 38 610 1801) 


t) Including 80 subscriptions of the Inst. Pl. Br. 
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However, since this passive “propaganda” works slowly, it is also necessary in the 
first 10 years to make active “propaganda”. In the years 1952-1954, 765-497-300 
complete volumes respectively, were sent abroad as presentation copies; in 1955 and 
1956 300 copies and in 1957 + 220 specimen copies of each issue were sent to various 
addresses of breeders and research workers. 

Another form of active “propaganda” is personal contact with visitors from abroad. 

In every visit to Dutch breeding institutions and breeding establishments Euphytica 
is mentioned. 

Active “propaganda” is also made through exchange-advertisements in other 
periodicals. 

It is an interesting problem how to run a scientific periodical and how to make it 
serve a useful purpose in the exchange of ideas. Experience with Euphytica may be of 
importance to other (and future) editors, in particular since little is being published 
concerning the running of independent scientific periodicals. 


SUMMARY 


This article gives some details on the origin of the name Euphytica and a survey of 
its distribution. In the last two years the number of subscriptions has increased by 
150. More subscriptions will enable Euphytica to give more pages at the same sub- 
scription fee and to give more space for articles of foreign research workers. 

The number of reprints which amounted to 15,000 in 1955 increased to 23,950 in 
1956 and 24,100 in 1957. 

Euphytica-articles are more and more cited in other periodicals. It can be established. 
that the journal has found a climate favourable to its growth. 


SAMENVATTING 
Euphytica, Netherlands Journal of Plant Breeding 


Dit artikel geeft enige bijzonderheden omtrent de naam van het tijdschrift Euphytica 
en een overzicht van de verspreiding. In de laatste twee jaar nam het aantal abonne- 
menten met 150 toe. Meer abonnementen bieden Euphytica de mogelijkheid. meer 
bladzijden te geven bij gelijkblijvende abonnementsprijs en meer ruimte te bieden aan 
artikelen van buitenlandse onderzoekers. 

Het aantal overdrukken dat in 1955 15.000 bedroeg steeg tot 23.950 in 1956, terwijl 
in 1957 24.100 overdrukken geleverd werden. 

In toenemende mate worden de Euphytica-artikelen geciteerd in andere tijdschriften. 

Vastgesteld kan worden dat Euphytica een klimaat vond dat bevorderlijk is voor 
haar groei. 

REFERENCES 
1. Dorst, J. C., Introduction. Euphytica 1 (1952): 1-2. 
2. HAAN, H. pe, Euphytica 1 (1952)-4 (1955) Euphytica 4 (1955): 215-222. 


3. HAAN, H. pe, A library in the field of plant breeding. Euphytica 5 (1956): 245-253. 
4. HAAN, H. pe, Periodicals in the field of research on plant breeding. Euphytica 5 (1956): 353-356. 
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A. IL. M. EL MURABAA 
Publikatie No 172, Laboratorium voor Tuinbouwplantenteelt, 
Landbouwhogeschool, Wageningen, The Netherlands 


Received 15 June 1957 


1. INTRODUCTION 


_ Extreme conditions were found to decrease incompatibility in some plants. In- 
compatible plants that were self-pollinated yielded more seed at low than at high 
temperature conditions (1, 3, 5). Other methods were also effective for removing 
incompatibility such as keeping the plants in the dark (2) or pollinating them at the 
end of the flowering season (6). 

No successful cases resulting from the effect of high temperature have so far been 
published. This is probably due to complete failure of seed set in many plants when a 
relatively high temperature is used. 

In the present study, cross-pollination as well as selfing of radish plants has been 
carried out at 17 and 26 °C. The fruit and the seed set following pollination at the two 
temperature treatments are compared. 


2. MATERIAL AND METHODS 


The plants used belonged to the cultivars ‘Kleine Ronde Witpunt’ and ‘IJskegel’. 
Clones were obtained by taking cuttings from inflorescences at an early stage and were 
kept afterwards at 20 °C (figure 1). Some days before flowering one plant of each clone 
was removed to 17 °C and another one to 26 °C. Flowers were emasculated at anthesis 
and pollinated at the same time. Pollen for crossing was gathered from one plant 
belonging to the other clone; that for selfpollination was taken from the same flower. 
Inflorescences were protected by paper bags against undesirable pollen. Some days 
after all flowers had been pollinated the plants were removed again to 20 °C and left 
till the maturity of the siliques. The data obtained in the two temperature treatments 


are compared by the Student’s method devised by Love and BRUNSON (4). Plants from 
one clone are used as parallels. 


3. EXPERIMENTAL RESULTS 


The data obtained from clones which were cross-compatible are given in table 1. 
It is evident that the fruit set, the average number of seeds per silique and the total 
seed yield are decreased at 26 °C compared with 17 °C. Figure 2 illustrates the results. 

The results obtained from incompatible clones after selfpollination are shown in 
table 2. In marked contrast to the data obtained from cross-pollination both the 
fruit set and the total seed yield after selfing are higher at 26 °C than at 17 °C. The 


increase in the average number of seeds per silique is not significant. 
Figure 3 illustrates the results. 
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Fia. 1. A RADISH CLONE CONSISTING OF 3 PLANTS, OBTAINED BY TAKING CUTTINGS FROM 
ONE INFLORESCENCE 


Fi. 3. 


A.I. M. EL MURABAA 


EFFECT OF TEMPERATURE ON INCOMPATI- 
BLE SELFING OF RADISH. FLOWERS OF THE 
SAME CLONE WERE SELF-POLLINATED AT 
ANTHESIS UNDER TWO TEMPERATURE- 
CONDITIONS. THE HIGHER TEMPERATURE 
(26 °C) IS MORE FAVOURABLE THAN THE 
NORMAL TREATMENT (17 °C) 


FIG. 2. 


EFFECT OF TEMPERATURE ON CROSS-COMPATIBLE 
POLLINATION OF RADISH. FLOWERS OF THE SAME 
CLONE WERE CROSS-POLLINATED AT ANTHESIS UN- 
DER TWO TEMPERATURE CONDITIONS. THE NORMAL 
TEMPERATURE (17 °C) IS MORE FAVOURABLE THAN 
THE HIGHER ONE (26 °C) 


EFFECT OF TEMPERATURE ON INCOMPATIBILITY IN RADISH 


TABLE |. EFFECT OF TEMPERATURE ON FRUIT AND SEED SET OBTAINED FROM COMPATIBLE COMBINATIONS 
OF RADISH PLANTS WHEN FLOWERS WERE CROSS-POLLINATED AT ANTHESIS 


TRR Average number of seeds Average number of seeds 
Number | sel per silique per pollinated flower 
of clone en - — 
IG 26E We DC ete ZORG 
1 98 97 AEON 3.6 4,8 315 
2 98 90 Sell 2.8 5.0 De) 
3 100 100 6.7 6.1 6.7 | 6.1 
5 100 93 5.4 4.6 5.4 | 4.3 
9 85 82 4.8 4.2 4.1 | 3.4 
10 100 92 5.8 4,1 5.8 3.8 
12 100 80 fs) 3.8 SS 3.0 
13 100 93 5.9 4,4 5.9 4,1 
15 100 74 De 3.8 5 2.8 
Mean | 
difference 8.88 + 2.89! 1.32 + 0.19! 1.65 + 0.25! 


1 significantly smaller at 26 °C (at 2% level or better) than the lower temperature treatment. 


TABLE 2. Effect of temperature on fruit and seed set obtained from incompatible radish clones when 
flowers were self-pollinated at anthesis 


d Average number of seeds Average number of seeds 
Number « Per cent of fruits set per silique | per pollinated flower 
of clone — > : |- — - 
TIG 26 °C Ie, ZORG | Tee m0 
| 0 | 45 | = | 3.4 0 1:53 
3 7 20 1.0 12 0.07 0.24 
4 14 3 „0 3.9 0.28 1.44 
5 9 33 | (RS | 1.8 | 0.13 0.59 
6 21 | 33 9) | 4.0 | 0.46 152, 
ĳ 31 26 We 1.0 0.53 0.26 
8 I 17 „0 | 1 0.01 | 0.19 
be 29 | 40 15 1e | 043 0.76 
Mean | 
difference 17.37 + 5.05! 0.57 + 0.35 0.55 + 0.21* 


_1 significantly larger at 26 °C (at 5% level or better) than the lower temperature treatment. 


4. DISCUSSION AND CONCLUSIONS 


‚From the data given it may be concluded that a high temperature of 26 °C weakens 

_ the incompatibility reaction in radish plants. However, the increase in seed set after 
self-pollination is not large. This is probably due to the fact that, as table 1 shows, high 
temperature is unfavourable for both fruit and seed set in general. 
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SUMMARY 


Clones of radish plants were cross-pollinated or selfed at 17 and 26 °C. In cross- 
compatible plants the fruit set; the average number of seeds per fruit and the total seed 
yield were decreased at 26 °C. In incompatible plants the fruit set and the total seed. 
yield were increased when selfing was done at the higher temperature. It is concluded 
that while high temperature has an unfavourable effect on seed set of radish plants, 
it also weakens the incompatibility reaction between pollen and style, so that the 
result is a small increase in yield. 


SAMENVATTING 


De invloed van hoge temperatuur op de incompatibiliteit bij radijs 


Radijs-klonen werden bij 17 °C en 26 °C onderworpen aan zelf- en kruisbestuiving. 
Bij compatibele combinaties was zowel het aantal hauwen als de totale zaadproduktie 
hoger bij 17 °C dan bij 26 °C. Bij zelf-incompatibele planten werd na zelfbestuiving 
juist het omgekeerde waargenomen. 

Geconcludeerd wordt dat de hoge temperatuur in het algemeen een ongunstige 
invloed heeft op de zaadzetting van radijs, doch eveneens de zelf-incompatibiliteits- 
reactie verzwakt, zodat een geringe toeneming in zaadproduktie optreedt. 
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ERRATUM 


In the article of N. HUBBELING (Euphytica 6, 1957, p. 120) a correction should be 
made. In table 1. column Gamma, behind Michelite S should be changed into R. 
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